DESCRIPTION 



NITRIDE SEMICONDUCTOR LASER DEVICE 

Technical field of the Invention 

This invention relates to a nitride semiconductor laser 
device and particularly, to a laser device having an 
effective refractive index type narrow stripe ridge structure, 
which is used in an optical information processing field and 
can realize a continuous-wave operation at a high power 
without a kink. 

Background of the Invention 

As the information-oriented society has developed in 
recent years, a <t> device which can store a large amount of 
information has been required. Particularly, the layer light 
source having a short wavelength is longed for as a light 
source for a large amount media such as DVD and as a light 
source for communication. The applicators reported a nitride 
semiconductor layer device having a lifetime of ten thousand 
hours or more under room-temperature continuous-wave 
operation of in the single mode at the wavelength of 403.7 nm. 

As mentioned above, the next problem the nitride 
semiconductor device which can realize continuous-wave 
oscillation is to raise the power of the device, in order to 



put the device to practical use and expand the application 
fields. And a longer lifetime of stable continuos-wave 
oscillation must be realized. 

Particularly, the semiconductor laser device which is 
used as a light source for the mass storage optical disk such 
as DVD requires sufficient optical power to enable recording 
and regenerating. And in such a semiconductor layer device, 
the stable lateral mode of oscillation is required. 
Concretely, the oscillation at 5mW and 30mW is required as 
optical power during recording and regenerating. And under 
such an oscillation, there is needed no kink in the electric 
current - optical power characteristics. 

However, when the injection current into the laser 
device is increased and the optical power is increased, there 
is generally a kink due to the instability of the lateral 
mode, subsequently to the linear region after the initiation 
of oscillation, in the current - optical power 
characteristics. In order to put the laser device to 
practical use, the stable basic single lateral mode without a 
kink must be achieved in the optical power region of from the 
initiation of oscillation to 30 mW and further, a longer 
lifetime of oscillation must be achieved. 

Disclosure of the Invention 

In view of the above-mentioned problems, the first 



object of the present invention is to provide a semiconductor 
laser device in which the stable lateral mode of the basic 
oscillation mode can be achieved in the region of from 
relatively low optical power to the high optical power and 
there is no kink in the current-optical power characteristics 
in such a region . The object can be accomplished by the 
effective refractive index type nitride semiconductor laser 
device comprising an active layer and at least a p-side 
cladding layer and a p-side contact layer which are laminated 
in turn on the active layer, wherein the waveguide region of 
a stripe structure is provided by etching from the p-side 
contact layer to above the active layer, characterized in 
that the stripe width providing by etching is within the 
narrow stripe range of 1 to 3 n m and the etching depth is 
above the active layer and below the remaining thickness of 
the p-side cladding layer of 0.1 /zm. 

That is, according to the present invention, the 
waveguide having such stripe width and depth enables the 
basic mode emission having a stable lateral mode and there is 
no kink in the wide light output power range, resulting in a 
semiconductor laser device having a longer lifetime under 
continuous-wave operation. 

Preferably, the insulating film other than Si oxide is 
formed on the both side surfaces of the stripe which has been 
exposed by said etching or the flat surface of the nitride 



semiconductor continuing with said side surfaces, and an 
electrode is formed on the p-side contact layer which is the 
uppermost layer of the stripe via said insulating film.. 
Thereby, in such a nitride semiconductor laser device, the 
5 insulating property between the positive electrode and p-side 
cladding layer is improved and particularly, the light output 
power is enhanced. That is, the effect tends to be 
remarkable as the driving current increases. Therefore, the 
device having less leak current and a high reliability can be 
10 obtained. 

Preferably, the stripe width is 1.2 to 2 ii m. This 
nitride semiconductor device has a refractive index waveguide 
structure in which the lateral mode is stable in the high 
light output power region, for example, in the region 

15 exceeding 5mW, therefore, a basic (single) mode emission is 
further improved to enable the emission without kink in the 
wide light output power range. 

Concretely, said insulating film other than Si oxide may 
include at least one among an oxide containing at least one 

20 element selected from the group consisting of Ti, V, Zr, Nb, 
Hf and Ta, and SiN, BN, SiC and A1N. Said insulating film 
gives the device a high reliability. 

The waveguide region having a stripe structure in this 
laser device is formed by the following steps, resulting in 

25 the nitride semiconductor laser device having a extremely 



good precision and a good yield. The method comprises a 
first step of laminating a p-side contact layer containing 
the second p-type nitride semiconductor on the p-side 
cladding layer containing the first p-type nitride 
semiconductor and thereafter, forming a first protective film 
in the stripe structure on the surface of the p-side contact 
layer; a second step of etching the nitride semiconductor in 
the part on which the first protective film is not formed via 
the protective film so as to form a waveguide region having a 
stripe structure just under the protective film; a third step 
of, after the second step, forming a second protective film 
made of the material other than that of the first protective 
film and having an insulating property on the side surface of 
the stripe waveguide and the flat surface of the nitride 
semiconductor layers which has been exposed by etching; and 
the fourth step of, after the third step, removing the first 
protective film. In this case, as mentioned below, the first 
protective film may be formed in the desired shape using the 
third protective film. 

And in order to apply the laser device to the laser 
light source as mentioned above, it is needed to improve the 
properties, particularly optical properties of the laser 
device, that is, to improve the waveguide of the 
semiconductor laser, for example, to improve the aspect ratio 
and the far-field pattern and prevent the leakage of light. 



Concretely, said laser device having a longer lifetime is an 
effective refractive index waveguide type and it is needed to 
realize a high-precision control of the lateral mode* . In the 
ridge waveguide structure, the effective refractive index 
changes depending on the etching depth, stripe height and the 
like. Such a structure change effects on the device 
properties extremely. Then, the second object of the present 
invention is to improve the beam shape, that is, the aspect 
ratio in the F.F.P (far-field pattern). If the laser device 
is applied to the optical disk system or the laser printer, 
the laser light is corrected and adjusted by each optical 
system. In this case, if the aspect ratio is large, the 
correction optical system is a large-scale one, therefore, 
the design, manufacturing and the loss via the optical system 
is a large problem. Further, for the nitride semiconductor 
light emitting device, the measures to control light leakage 
which has been a problem since a prior time is needed, 
because the light leakage appears as a ripple in the laser 
device and causes the problem of noise in the laser device 
application. 

According to the present invention, the above-mentioned 
second object is accomplished by the effective refractive 
index type nitride semiconductor laser device comprising an 
active layer and at least a p-side optical waveguide layer, a 
p-side cladding layer and a p-side contact layer which are 



laminated on the active layer, wherein the waveguide region 
of a stripe structure is provided by etching from the p-side 
contact layer to above the active layer, characterized in 
that said p-side optical waveguide layer comprises a 
5 projection part of a narrow stripe structure and a p-type 
nitride semiconductor layer on the projection part and the 
projection part of the p-side optical waveguide layer has a 
thickness of not more than 1 /im, 

Thus, the p-side optical waveguide layer having a 
10 thickness of not more than 1 ix m comprises a projection part 
of a stripe structure and therefore, the horizontal lateral 
mode which has not yet realized can be controlled, with the 
result that the laser emission with a good aspect ratio can 
be obtained. That is, in this laser device, the laser 
15 emission of a good beam shape can be obtained under 
continuous-wave operation in the single mode. And since the 
projection part of the n-side optical waveguide layer and the 
p-type nitride semiconductor layer on the projection part is 
a stripe ridge waveguide formed by etching from the p-type 
20 nitride semiconductor layer, the ridge waveguide can be 
formed highly productively. And the etching depth is the p- 
side optical waveguide layer in this case, the laser emission 
of a beam shape can be obtained. 

Preferably, the p-side optical waveguide layer in the 
25 projection part has a thickness in the range of not less than 



1500 angstroms and not more than 4000 angstroms. This is 
because both the laser emission of a good beam shape and a 
good output property can be achieved at the same time. 
Concretely, for the beam shape, F.F.P. in the horizontal 
direction (x direction) is not less than 10 ° and good 
broadening can be achieved. The aspect ratio is within the 
range where the easy correction by means of the external 
optical system is possible, so as to make it easy to apply 
the laser device to optical information equipment. 

Further, since the p-side optical waveguide layer has a 
thickness of not less than 500 angstroms and not more than 
1000 angstroms in the region except the projection part, a 
good stripe waveguide region can be formed and the laser 
device of a good beam shape can be obtained highly 
productively. In this case, for the beam shape, F.F.P in the 

horizontal direction is within 12 to 20 and the aspect 
ratio is about 2.0 and moreover, about 1.5. 

And since the stripe width of the projection part is 
within the range of not less than l//m and not more than 3 ix 
m, the laser device. is obtained in which good single lateral 
mode emission can be observed. 

Further, since the height of the projection part in said 
p-side optical waveguide layer is not less than 100 angstroms, 
the laser device of a good beam shape can be obtained. 
Preferably, the height thereof is not less than 500 angstroms. 

8 



Single mode emission can be observed even at a high output 
power. Therefore, enough reliability required for the 
application of the laser device can be secured. 

And the p-side optical waveguide may be made of In^Ga^N 
(0^x<l), thereby a good waveguide can be formed, resulting 
in a laser device having good device properties. 

Further, viewed in another light, the optical waveguide 
layer is focused. The third object of the present invention 
is to provide a laser device of a good beam shape by making 
the thickness of the p-side optical waveguide layer different 
from that of the n-side optical waveguide layer. 

That is, the third object of the invention is 
accomplished by the effective refractive index type nitride 
semiconductor laser device comprising an active layer and at 
least n- and p-side optical waveguide layers, n- and p-side 
cladding layers and n- and p-side contact layers which are 
laminated respectively on both sides of the active layer, 
wherein the waveguide region of a stripe structure is 
provided by etching from the p-side contact layer to above 
the active layer, characterized in that the thickness of. said 
p-side optical waveguide layer is larger than that of the n- 
side optical waveguide layer. 

According to the present invention, good optical 
confinement can be achieved and ripples can be decreased 
without increase of threshold current. And in the 



manufacturing steps, when the stripe waveguide and the like 
is formed by etching and the etching depth is downto the p- 
side optical waveguide layer, the etching precision can be 
enhanced compared with in the past, 
5 Preferably, the p-side optical waveguide layer comprises 

a projection part of a stripe structure and a p-type nitride 
semiconductor layer on the projection part, and the thickness 

of the p-side optical waveguide layer is not more than 1/zm. 
Thereby, the stripe waveguide region can be formed and a good 

10 control of lateral mode can be achieved. Concretely, the 
difference of the effective refractive index is formed 
effectively, and therefore, the beam shape of the light, 
particularly the spread of the light of the far-field pattern 
in the direction parallel to the junction plane can be 

15 improved compared with in the past. Also, the aspect ratio 
is good for the application of the device. Further, the 
enhancement of the optical properties suppresses the 
threshold current to the same extent or the more than in the 
prior and enables the long lifetime emission, while 

20 conventional various properties relating to the emission is 
maintained. 

Preferably, the projection part of the p-side optical 
waveguide layer and the p-type nitride semiconductor layer on 
the projection part is a ridge waveguide of a stripe 
25 structure formed by etching from the p-type nitride 

10 



semiconductor layer. Since the ridge waveguide is formed in 
the p-side optical waveguide layer, the threshold current can 
be decreased and a long lifetime and stable single mode 
emission can be realized. Moreover, the optical confinement 
in the lateral mode is good and the laser emission having a 
good aspect ratio can be obtained. 

The p-side optical waveguide layer preferably has a 
thickness of not less than 2500 angstroms. This is because 
for in guiding waves of the laser emission, the effective 
refractive index functions more effectively and the optical 
confinement in the horizontally lateral mode is better, 
resulting in the laser emission with a stable and good aspect 
ratio . 

The thickness of the region of the p-side optical 
waveguide layer except the projection part is preferably not 
more than 500 angstroms and not less than 1000 angstroms. 
This is because the laser devices can be manufactured in the 
stable state, the dispersion of devices is small and the 
yield of manufacture can be increased. 

The stripe width of the projection part is preferably 
not less than 1 n m and not more than 3 jj. m. Thereby, good 
control of the lateral mode can be realized, particularly 
single-mode emission is possible and the occurrence of kinks 
can be prevented even at high output power. 

According to the present invention, preferably, the p- 



side optical waveguide layer is made of Ir^Ga^N (0^x<l) and 
a good optical waveguide can be formed. 

Further, the fourth object of the present invention is 
to enhance . the output power and reliability of the laser 
5 device according to the present invention. 

Fourth object of the present invention is to provide an 
effective refractive index type nitride semiconductor laser 
device comprising an active layer with at least a p-side 
first cladding layer, a p-side optical guide layer, a p-side 

10 second cladding layer and a p-side contact layer stacked 
thereon, while the layers from the p-side contact layer to 
that above the active layer are etched thereby to form a 
stripe-shaped waveguide region, made by applying the 
structure of the present invention to a semiconductor laser 

15 device having a first cladding layer for carrier confinement 
and a second cladding layer for light confinement formed from 
the side near the active layer and an optical guide layer 
provided between the first cladding layer and the second 
cladding layer, wherein the p-side optical guide layer has a 

20 protruding portion having narrow stripe shape and a p-type 
nitride semiconductor layer being formed on the protruding 
portion, and the protruding portion of the p-side optical 
guide layer has a thickness of 1 /xm or less. 

While the p-side first cladding layer is a carrier 

25 confinement layer made of AlyGa^yN (0 < y < 0.5) and the p- 



side second cladding layer is a light confinement layer made 
of Al z Ga 1 . z N (0 < z < 0.5: y > z) , the p-side first cladding 
layer is preferably made of AlyGa^yN (0 < y < 0.35) . The p- 
side first cladding layer also preferably includes at least 
two layers, with the first layer being made of Al x Ga!_ x N 
formed in nitrogen atmosphere and the second layer being made 
of Al x Ga x _ x N formed in hydrogen atmosphere. 

Brief Description of the Drawings 

Fig. 1 is a schematic sectional view showing the 
structure of a laser device according to an example of the 
first embodiment of the present invention. 

Fig. 2 is a schematic sectional view showing the 
structure of a laser device according to another example of 
the present invention. 

Figs. 3A to 3G are schematic sectional views showing 
processes of the method according to the present invention. 

Fig. 4 is a schematic sectional view showing a laser 
device for comparison. 

Fig. 5 is a current-optical output characteristic 
diagram of a laser device according to an example of the 
present invention . 

Fig. 6 is a diagram showing changes in drive current due 
to deterioration of a laser device according to an example of 
the present invention. 
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Fig, 7 is a diagram showing the relation between stripe 
width and single transverse mode oscillation in the present 
invention. 

Fig. 8 is a diagram showing the relation between depth 
of etching and single transverse mode oscillation in the 
present invention . 

Fig. 9 is a diagram showing the relation between depth 
of etching and drive current in the present invention. 

Fig. 10 is a diagram showing the relation between depth 
of etching and device life in the present invention. 

Fig. 11 is a schematic diagram showing a laser device 
according to the second embodiment of the present invention. 

Fig. 12 is a diagram showing the relation between depth 
of etching and device characteristic of a laser device 
according to the present invention. 

Fig. 13 is a schematic sectional view of a laser device 
according to first modified embodiment of the present 
invention. 

Fig. 14 is a schematic sectional view of a laser device 
according to the second modified embodiment of the present 
invention. 

Fig. 15 is a schematic sectional view of a laser device 
according to the third modified embodiment of the present 
invention. 

Fig. 16 is a schematic sectional view of laser device 



according to the fourth and fifth modified embodiments of the 
present invention . 

Fig. 17 is a schematic sectional view showing the 
structure of a laser device according to the second 
embodiment of the present invention. 

Fig. 18 is a schematic sectional view showing the 
structure of a laser device according to the third embodiment 
of the present invention. 

Fig. 19A through 19G are schematic sectional views 
showing processes of a method for producing the laser devices 
according to the second and third embodiments of the present 
invention. 

Fig. 20 is a schematic diagram explaining the laser 
device according to the third embodiment of the present 
invention. 

Preferred Embodiments of the Invention 
Embodiment 1 

The etching operation employed to form the stripe-shaped 
waveguide region in the present invention is such an etching 
operation that forms a ridge waveguide having a cross section, 
for example, as shown in Fig. 1, that will be described in 
detail below following the p-side cladding layer and the p- 
side contact layer. 

The nitride semiconductor laser device of the present 



invention comprises an active layer with at least the p-side 
first cladding layer and the p-side second cladding layer 
stacked thereon successively, while the layers are etched 
from the p-side contact layer side thereby to form the 
stripe-shaped waveguide region. 

According to the present invention, there is required no 
particular layer between the active layer and the p-side 
cladding layer, although a guide layer and/or a cap layer (in 
case the cap layer is provided separately from the cladding 
layer, the cap layer means the first cladding layer for 
carrier confinement and the cladding layer means the second 
cladding layer for light confinement) are provided as shown 
in the example described later. In case the p-side cladding 
layer is formed directly on the active layer, the p-side 
cladding layer is etched in a zone ranging from the interface 
between the p-side cladding layer and the active layer to a 
position where thickness of the p-side cladding layer is 0.1 
jjl m, thereby to form the stripe-shaped waveguide region. In 
case the guide layer, the cap layer and the like described 
above are formed between the p-side cladding layer and the 
active layer, etching may be effected up to the layer 
provided between the p-side cladding layer and the active 
layer as long as it is below the position where thickness of 

the p-side cladding layer is 0.1 p. m and is above the light 
emitting layer. At this time, in case service life of the 



device deteriorates abruptly at a position near the active 
layer as shown in Fig. 10, the waveguide region is preferably 
formed to such a depth that is capable of avoiding the 
deterioration, while the waveguide region is formed to such a 
depth that does not reach the p-side cap layer in the device 
structure shown in the drawing. The active layer may be of 
either single or multiple quantum well structure, and the 
layer may be doped with n-type or p-type impurity. InGaN is 
preferably used for the active layer or quantum well layer of 
the quantum well structure that constitutes the active layer, 
(p-side cladding layer) 

For the p-side cladding layer of the present invention, 
providing a difference in the refractive index that is enough 
to confine the light will suffice, and a nitride 
semiconductor layer that includes Al is preferably used* 
This layer may also comprise either a single layer or 
multiple layers, and specifically may have super lattice 
structure including AlGaN and GaN stacked one on another 
alternately as described in the examples. Moreover, this 
layer may be either doped with a p-type impurity or undoped. 
For a laser device that oscillates at long wavelengths from 
430 to 550 nm, the cladding layer is preferably made of GaN 
doped with a p-type impurity, 
(p-side contact layer) 

The p-side contact layer of the present invention is 



formed on the p-side cladding layer so that good ohmic 
contact with the electrodes is obtained. 

The laser device of the present invention becomes 
capable of oscillating in stable transverse mode in the 
fundamental (single) mode by controlling the with of the 
stripe in a range from 1 to 3 //m. Width of the stripe less 
than 1 £fm makes it difficult to form the stripe and a width 
larger than 3 ii m makes the transverse mode oscillation 
likely to occur in multiple modes. Thus oscillating in 
stable transverse mode cannot be achieved when the width of 
the stripe is outside the range described above. The width 
is preferably controlled within a range from 1.2 to 2 /i m, 
that improves the stability of the transverse mode 
oscillation in a region of higher optical output. 

The waveguide region according to the present invention 
will be described in detail below. Etching for the formation 
of the stripe-shaped waveguide region is done to a depth 
above the active layer and below a position where thickness 
of the p-side cladding layer from the active layer side is 
0.1 ix m, More specifically, the stripe-shaped waveguide 
region is formed by etching and the position of the nitride 
semiconductor that continues to both side faces of the stripe 
shows the depth of etching. Thus the plane of the nitride 
semiconductor exposed by the etching is controlled to be 
below (direction of active layer) position where thickness of 
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the p-side cladding layer is 0,1 v m in the direction of 
thickness and above (in the direction of the p-side contact 
layer) the active layer. In other words, the etching is done 
in the direction from the bottom end face of the p-side 
cladding layer toward the p-side contact layer deeper than 
the position of 0.1 p. m (in the direction of active layer) 
and such a depth that the active layer is not exposed, 
thereby forming the stripe-shaped waveguide region. In the 
present invention, the statement of being below a position 
where thickness of the p-side cladding layer is 0.1 iim means 
a zone including the position of 0.1 jj. m. This is because, 
when the waveguide is formed by etching to a depth that does 
not reach the active layer, service life of the device is 
improved greatly, particularly in a region of higher optical 
output, exceeding 5mW, and oscillation over a longer period 
of time is made possible. Also as the stripe is formed by 
etching in the direction of thickness of the p-side cladding 
layer (in the direction of the p-side contact layer) to the 
active layer side beyond 0.1 /z m, stable oscillation in the 
transverse mode can be achieved in a wider range of optical 
output, specifically in a range up to several tens of milli- 
watts, providing current-optical output characteristic free 
of kink in this range. 

The laser device of the present invention, that has the 
stripe-shaped waveguide region with the width of stripe and 



the etching depth being set as described above, is capable of 
stable oscillation in the single fundamental transverse mode 
without kink in a region of relatively high optical output 
from the moment of starting the laser oscillation, and 
provides a service life of such a practical level as over ten 
thousand hours with output of 5mW, or over one thousand hours 
with output of 30mW. 

The plane of the nitride semiconductor is exposed by 
etching to form the stripe-shaped waveguide region, so that 
the plane of the nitride semiconductor is formed in 
continuity with the stripe side faces. Therefore, position 
of the nitride semiconductor plane indicates the depth of 
etching for forming the stripe-shaped waveguide region. 

Also the position where thickness of the p-side cladding 
layer is 0.1 11m that represents the etching depth described 
above means a position 0.1 /im away from the bottom end face 
of the p-side cladding layer (active layer side) in the 
direction of the p-side contact layer, a position where film 
thickness is 0.1 il m away from, the surface where the p-side 
cladding layer begins to grow, and meaning that the plane of 
the nitride semiconductor exposed by the etching is formed at 
a position where thickness of the p-side cladding layer in 
the waveguide region is 0.1 ix m or less. There is no 
limitation as to the interface between the active layer and 
the p-side cladding layer. These layers may be in contact 



with each other , or separated by a p-side cap layer (first 
cladding layer for carrier confinement) and a p-side optical 
guide layer formed therebetween as in an embodiment described 
later. 

The active layer may be of quantum well structure, 
either single quantum well structure or multiple quantum well 
structure. Being located above the active layer means such a 
depth that does not reach a layer to be formed following a 
barrier layer/well layer formed at the last constituting the 
quantum well structure. 

Resonance wavelength of the nitride semiconductor of the 
present invention is preferably in a range from 400 to 900 /i 
m which allows it to decrease the drive current by 
controlling the reflectivity of the mirrors located at both 
ends . 

The nitride semiconductor laser device of the present 
invention has high reliability, since insulation films made 
of a material other than Si oxide are formed on both side 
faces of the stripe exposed by etching and on the plane of 
the n-side optical guide layer that continues with the side 
faces, and electrodes are formed via the insulation film on 
the p-side contact layer surface that is the top layer of the 
stripe. This is because it has been difficult to form the 
layer with sufficiently reliable insulation by using an 
insulation film made of Si0 2 that is in common use, thus 



resulting in a device of lower reliability with increased 
threshold. Such a problem is solved by the use of the 
insulation film made of a material other than silicon oxide, 
with another advantage of having favorable effect on the 
stability of the transverse mode oscillation. The insulation 
film made of the material other than silicon oxide may be 
made of at least one kind of an oxide selected from among a 
group consisting of Ti, V, Zr, Nb, Hf and Ta and compounds BN, 
SiC and A1N, which makes it possible to obtain a laser device 
having high reliability. Also because the stripe is formed 
in a process to be described later, the stripe-shaped 
waveguide region with the range described above can be formed 
with good accuracy. For the insulation film, a thickness in 
a range from 500 to 5000 A is sufficient. 

The laser device of the present invention achieves good 
device characteristics by providing the stripe-shaped 
waveguide region. The stripe-shaped waveguide region -of the 
laser device of the present invention can also be formed 
accurately and with a high yield of production, by forming 
the stripe in the process described below. The production 
process is as follows. 

According to the present invention, there is no 
limitation to the shape of the stripe formed by etching. The 
stripe may have a cross section of mesa of which width 
increases with depth as shown in Fig. 1, or inverted mesa of 
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which width decreases with depth, or a rectangle of which 
width remains substantially constant. Preferably the cross 
section has a shape of mesa that tends to achieve stable 
transverse mode with oscillation in the fundamental mode. 

In case a pair of positive and negative electrodes are 
formed on the same side of a substrate of different kind as 
shown in Figs . 1 and 2, an n-side contact layer that 
constitutes the negative electrode is exposed by etching to 
that depth and then etching to form the stripe-shaped 
waveguide region is carried out. 

(Method of forming stripe-shaped waveguide region) 

Fig. 3 is a schematic sectional view showing a nitride 
semiconductor wafer for explaining the process of forming the 
electrodes of the present invention. The sectional view is 
along a direction perpendicular to the stripe-shaped 
waveguide region formed by etching, namely parallel to the 
resonance plane. In the first process of the present 
invention, as shown in Fig. 3C, a first protective film 61 of 
a stripe shape is formed on the p-side contact layer 13 that 
is located at the top. 

The first protective film 61 is not required to have 
insulating property, and may be made of any material that has 
difference in the etching rate from the nitride semiconductor. 
For example, Si oxide (including Si0 2 ) , photoresist may be 
used. Preferably, a material that is more easily dissolved 



in an acid than a second protective film is used, in order to 
ensure a difference in solubility from the second protective 
film to be formed later. For the acid, hydrofluoric acid is 
preferably used, and Si oxide is preferably used as a 
material that can be easily dissolved in hydrofluoric acid. 
Stripe width (W) of the first protective film is controlled 
within a range from 3 fi m to 1 ix m. Stripe width of the 
first protective film 61 corresponds substantially to the 
stripe width in the waveguide region. 

Figs.3A and 3B show specific processes of forming the 
first protective film 61. As shown in Fig. 3A, the first 
protective film 61 is formed over substantially the entire 
surface of the p-side contact layer 13, and then a third 
protective film 63 of stripe shape is formed on the first 
protective film 61. Then as shown in Fig. 3B, the first 
protective film 61 is etched with the third protective film 
63 left remaining on, followed by the removal of the third 
protective film 63, thereby forming the first protective film 
61 of stripe shape shown in Fig. 3C. The etching may also be 
done from the p-side contact layer 13 side by changing the 
gas or the means of etching, with the third protective film 
63 left remaining on. 

The first protective film 61 of stripe shape shown in 
Fig. 3C may also be formed by employing lift-off process. 
That is, a photoresist film having apertures of stripe 
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configuration is formed and the first protective film is 
formed over the entire surface of the photoresist film, 
followed by dissolving and removing the photoresist, thereby 
leaving only the first protective film that is in contact 
with the p-side contact layer . Compared to the formation of 
the first protective film of stripe shape by the lift-off 
process, stripe of better shape with substantially vertical 
end face can be formed through the etching process shown in 
Figs.3A and 3B. 

In the second process of the present invention, as shown 
in Fig, 3D, etching is done via the first protective film 61 
from the p-side contact layer 13 in the portion where the 
first protective film 61 is not formed, thereby forming the 
stripe-shaped waveguide region that corresponds to the 
configuration of the protective film right below the first 
protective film 61. Structure and characteristics of the 
laser device vary depending on the position where etching is 
to be stopped. 

In case dry etching such as RIE (reactive ion etching) 
is employed, it is desirable to use a gas of fluorine 
compound such as CF 4 in etching the first protective film 
made of Si oxide that is used in abundance in the first 
process. In the second process, use of gas of a chlorine 
compound such as Cl 2 , CC1 4 and SiCl 4 that are frequently used 
for other III-V group compound semiconductors is desirable 
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because higher selectivity with respect to the Si oxide can 
be achieved, for etching the nitride semiconductor. 

In the third process, as shown in Fig. 3E, the second 
protective film 62 that is made of a material different from 
that of the first protective film 61 is formed on the side 
faces of the stripe-shaped waveguide region and on the plane 
of the nitride semiconductor (p-side cladding layer 12 in Fig. 
3E) that is exposed by etching. Because the first protective 
film 61 is made of a material different from that of the 
second protective film 62, the etching proceeds selectively 
with respect to the first protective film 61. Consequently, 
when only the first protective film 61 is removed by, for 
example, hydrofluoric acid, the second protective film 62 can 
be formed that continues to both the surface of the p-type 
cladding layer 12 (nitride semiconductor plane exposed by 
etching) and the side faces of the stripe as shown in Fig. 3F. 
High insulation performance can be maintained by forming the 
second protective film continuously. Moreover, since forming 
the second protective film 62 continuously over the first 
protective film 61 enables it to form the film with uniform 
thickness on the p-side cladding layer 12, unevenness in the 
film thickness is unlikely to occur and current concentration 
due to unevenness in the film thickness can be prevented from 
occurring. Also because etching in the second process is 
stopped amid the p-side cladding layer 12, it needs not to 
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say that the second protective film is formed on the plane of 
the nitride semiconductor layer where etching is stopped, 
provided that the etching is stopped below the p-side 
cladding layer 12 while the second protective film 62 is 
5 formed on the plane of the p-side cladding layer 12 in Fig. 
3E. 

The second protective film is made of a material other 
than Si0 2 , preferably made of at least one kind of oxide that 
includes at least one element selected from among a group 

10 consisting of Ti, V, Zr, Nb, Hf and Ta and at least one kind 
among compounds SiN, BN, SiC and A1N. Among these, it is 
particularly desirable to use the oxides of Zr and Hf, BN and 
SiC. Although some of these materials have some solubility 
to hydrofluoric acid, fairly higher reliability than that of 

15 Si0 2 can be achieved by forming the insulation layer of the 
laser device in the form of embedded layer. Thin films 
formed from oxides in a vapor phase process such as PVD or 
CVD tend to have lower reliability with respect to the 
insulation performance of the thin oxide film, since it is 

20 difficult to make the element and oxygen react in 
stoichiometrical proportions in forming an oxide. The oxides 
of the elements described above, BN, SiC and A1N selected 
according to the present invention, on the other hand, have 
reliability with respect to the insulation performance that 

25 is higher than that of Si oxide. Further, when an oxide 



having a refractive index lower than that of the nitride 
semiconductor (for example, other than SiC) is selected, an 
embedded layer that is very favorable for the laser device 
can be obtained. Moreover, in case Si oxide is used for the 
5 first protective film 61, since hydrofluoric acid has 
selectivity with respect to the Si oxide, when the film is 
formed continuously on the side faces of the stripe waveguide, 
on the plane where the stripe is formed thereon (etching stop 
layer) and on the first protective film 61 as shown in Fig, 

10 3E, the second protective film 62 having uniform thickness 
can be formed as shown in Fig. 3F by removing the first 
protective film 61 in the lift-off process. 

In the fourth process of the present invention, the 
first protective film 61 is removed as shown in Fig. 3F. 

15 Then as shown in Fig. 3G, a p electrode electrically 
connecting to the p-side contact layer is formed on the 
second protective film 62 and on the p-side contact layer 13. 
According to the present invention, since the second 
protective layer is formed earlier, there is no need to 

20 restrict the formation of the p electrode only on the contact 
layer of small stripe width and, instead, the p electrode may 
be formed over a large area. In addition, an electrode that 
combines the functions of ohmic electrode and bonding 
electrode can be formed together by selecting an electrode 

25 material that also provides ohmic contact. 



In the nitride semiconductor laser device, when forming 
the stripe-shaped waveguide region, dry etching is used since 
it is difficult to form it by wet etching. In dry etching, 
since selectivity between the first protective film and the 
5 nitride semiconductor is important, Si0 2 is used for the 
first protective film. However, since sufficient insulation 
cannot be achieved by using Si0 2 for the second protective 
film that is formed on the plane where etching is stopped, 
and it becomes difficult to remove only the first protective 

10 film because the two protective films are made of the same 
material. Therefore, according to the present invention, the 
second protective film is made of a material other than Si0 2 
thereby achieving selectivity with respect to the first 
protective film. Also because the nitride semiconductor is 

15 not etched after forming the second protective film, there 
occurs no problem of difference in the etching rate between 
the second protective film and the nitride semiconductor. 
Embodiment 2 

An embodiment of the present invention is shown in Fig. 

20 17. Using this example, the present invention will be 
described in detail. The nitride semiconductor laser device 
of the present invention comprises an n-type nitride 
semiconductor layer, an active layer and a p-type nitride 
semiconductor layer stacked on a substrate, and has ridge 

25 structure of stripe shape formed by etching from the p-type 
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nitride semiconductor side. 
(Stripe-shaped waveguide region) 

The nitride semiconductor laser device of the present 
invention has a ridge waveguide formed on the p-side optical 
5 guide layer upward over the active layer. That is, an n-side 
optical guide layer made of n-type nitride semiconductor, the 
active layer and the p-side optical guide layer made of p- 
type nitride semiconductor are stacked on the substrate, 
wherein the p-side optical guide layer has a protruding 

10 portion of stripe shape and a stripe-shaped waveguide region. 
The laser device of the present invention is a refractive 
index guiding type laser device having the stripe-shaped 
waveguide region. 
(Depth of etching) 

15 The laser device of the present invention is made by 

stacking the n-side optical guide layer made of the n-type 
nitride semiconductor, the active layer, the p-side optical 
guide layer made of the p-type nitride semiconductor and a p- 
type nitride semiconductor layer, then part of the p-type 

20 nitride semiconductor layer and part of the p-side optical 
guide layer are removed by etching from the p-type nitride 
semiconductor layer side, thereby forming the stripe 
structure. Since height of the protruding portion of the p- 
side optical guide layer is determined by the depth of 

25 etching, controllability of the depth of etching is improved 
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over the prior art as will be described later. It is 
important to carry out etching to such a depth that does not 
reach the active layer, and etching in the present invention 
is carried out to the position of the p-side optical guide 
layer . 

According to the present invention, although the shape 
of the protruding portion of the p-side optical guide layer 
or the shape of the stripe-shaped ridge waveguide are not 
limited to mesa or inverted mesa configuration, mesa 
configuration is preferable because of the tendency thereof 
to allow better control of the transverse mode oscillation. 
(Etching means) 

For etching the nitride semiconductor layer such as the 
formation of the p-side optical guide layer or the ridge 
waveguide, such processes as wet etching and dry etching may 
be employed. For dry etching, for example, there are 
reactive ion etching, (RIE) , reactive ion beam etching, 
(RIBE) , electron cyclotron etching (ECR) , ion beam etching 
and other processes, and the nitride semiconductor layer can 
be etched by any of these processes by selecting a proper 
etching gas. 
(Optical guide layer) 

The waveguide is formed by such a structure as the 
active layer is sandwiched by the n-side optical guide layer 
and the p-side optical guide layer. The laser device of the 
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present invention has the stripe-shaped waveguide region 
formed by providing the p-side optical guide layer with the 
protruding portion of stripe shape. 

According to the present invention, the p-side optical 
5 guide layer has the protruding portion of stripe shape, and 
the p-type nitride semiconductor layer is formed on the 
protruding portion thereby to form the laser device. 
Specifically, the laser device has the ridge waveguide formed 
with the p-side optical guide layer. The protruding portion 
10 is formed by etching from the p-type nitride semiconductor 
side as described above, while stopping the etching process 
in the p-side optical guide layer. According to the present 
invention, the p-side optical guide layer has the protruding 
portion of stripe shape and thickness thereof (at the 

15 protruding portion) is 1 //m or less. Thickness here refers 
to the thickness of growing the p-side optical guide layer. 
In case the protruding portion is formed by the etching 
process described above after forming the p-side optical 
guide layer, the protruding portion is formed by removing a 

20 part of the p-side optical guide layer of the predetermined 
thickness, and consequently thickness of the p-side optical 
guide layer becomes equal to thickness of the protruding 
portion. At this time, in case thickness of the p-side 

optical guide layer is greater than 1 /x m, the value of 
25 threshold greatly increases to make the laser very difficult 
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to oscillate and, even when the laser can oscillate, the 
laser device has an extremely short service life. Thickness 
of the p-side optical guide layer, namely thickness of the 
protruding portion, is preferably in a range from 1500 A to 
- 4000 A inclusive. When the thickness is less than 1500 A, 
good F.F.P. of laser light cannot be achieved and, when the 
thickness is larger than 4000 A, threshold current of 
oscillation tends to increase. Specifically, when the 
thickness is less than 1500 A, horizontal transverse mode 
cannot be controlled sufficiently, while F.F.P. becomes a 
beam profile of 10V or less in x direction, resulting in an 
aspect ratio that is far higher than 2.0 and is around 3 . 0 or 
higher. 

When forming the ridge waveguide and the protruding 
portion by etching, productivity must be taken into 
consideration. As the depth of etching increases, 

variability among the devices provided on a wafer increases 
which must be avoided. Specifically, when the protruding 
portion of stripe shape (ridge structure) is formed by 
etching to a depth greater than 0.7 „ m , the problem 
described above suddenly becomes predominant, and therefore 
the etching is preferably restricted to a smaller depth. For 
this purpose, the ridge height is controlled in the present 
invention, and the laser device is preferably formed within 
the range described above. The ridge height refers to the 
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height of the p-type nitride semiconductor, that is formed on 
the protruding portion, from the plane of the p-side optical 
guide layer in a region other than the protruding portion, 
namely the plane being exposed by etching and continuing to 
the side face of the protruding portion. Height of the 
protruding portion refers to the height of the top surface of 
the protruding portion from the plane, while the top surface 
of the p-type nitride semiconductor layer is the starting 
position of etching. 
(Height of protruding portion) 

It is preferable to increase the height of the 
protruding portion in the p-side optical guide layer, since 
it causes the threshold current of oscillation to decrease. 
That is, increasing the depth of etching improves the 
stability of the output, making a great contribution to the 
application of the laser device. Specifically, even when the 
output increases, such effects are obtained as achieving 
stable oscillation in a single mode, suppressing the 
deterioration of the device because of the favorable 
threshold current of oscillation and achieving continuous 
oscillation with a longer service life. 

In addition, when forming the layers by etching, it is 
important to give consideration to the flatness of the plane 
that is exposed and formed by etching, namely the top surface 
in the regions other than the protruding portion of the p- 
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side optical guide layer. This is because, when forming the 
protruding portion of stripe shape by etching, there occurs 
some variation in the position of the surface of the p-side 
optical guide layer that is exposed by etching in the 
direction of thickness, that causes the variability among the 
devices. That is, when the relatively tiny protruding 
portion of stripe shape is formed, there occurs variability 
in the depth (thickness of the p-side optical guide layer in 
the regions other than the protruding portion) in the wafer 
over the top surface of the p-side optical guide layer 
exposed over the entire surface of the wafer, resulting in 
variability in the output characteristic and the optical 
characteristic of the laser device. Thus the p-side optical 
guide layer is etched to such a depth that leaves a region of 
thickness of 500 A or more, preferably in a range from 500 A 
to 1500 A to remain, in forming the protruding portion of the 
p-side optical guide layer. When a region of thickness of 
500 A or more is left to remain, etching hardly reaches 
deeper than the p-side optical guide layer, leading to the 
formation of the protruding portion with high accuracy. When 
a region of thickness of 1500 A or more is left to remain, 
the threshold current of oscillation increases as described 
above, and the controllability of the transverse mode tends 
to deteriorate. More preferably, the thickness is set to 
within a range from 500 A to 1000 A, which improves the 
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oscillation at the threshold and the controllability of the 
transverse mode of the laser device. 

According to the present invention, there is no 
limitation to the composition of the p-side optical guide 
layer, that is required only to be made of nitride 
semiconductor and have such an energy band gap that is 
sufficient to form the waveguide, and may have either single 
layer or multiple layer structure. For example, undoped GaN 
is used for wavelengths from 370 to 470 nm, and a multiple 
layer structure of InGaN/GaN is used for longer wavelengths. 

For the waveguide formed by sandwiching the active layer 
with the n-side optical guide layer and the p-side optical 
guide layer, total thickness thereof, namely thickness of the 
region interposed between the two guide layers, is preferably 
6000 A or less, or more preferably 4500 A or less. When the 
total thickness of the waveguide is greater than 6000 A, the 
threshold current of oscillation increases abruptly thereby 
making it extremely difficult to achieve continuous 
oscillation in the fundamental mode. When the total 
thickness of the waveguide is less than 4500 A, such an 
increase in the threshold current of oscillation is 
suppressed thus making it possible to achieve continuous 
oscillation in the fundamental mode with longer service life. 

According to the present invention, although there is no 
limitation to the structure of the n-side optical guide layer, 
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the n-side optical guide layer may be formed to substantially 
the same thickness as the p-side optical guide layer in such 
a structure as to sandwich the active layer with the two 
guide layers. The n-side optical guide layer is preferably 
5 formed by growing GaN, InGaN, and specifically such a 
multiple layer structure may be employed as undoped GaN, 
InGaN with the proportion of In decreasing toward the active 
layer, and GaN are stacked alternately. InGaN means a 
ternary mixed crystal . 

10 In the nitride semiconductor laser device of the present 

invention, the p-type nitride semiconductor layer formed on 
the p-side optical guide layer comprises the p-side cladding 
layer, the p-side contact layer and the like being stacked 
one on another as shown in the embodiment. Accordingly, in 

15 the present invention, the p-type nitride semiconductor layer 
formed on the protruding portion of the p-side optical guide 
layer is formed in the shape of stripe, thereby forming the 
ridge waveguide. 

According to the present invention, a cap layer may be 

20 formed between the optical guide layer and the active layer. 
For example, a p-side cap layer made of A^Ga^N (0 ^ x S 1) 
doped with a p-type impurity is formed between the active 
layer and the p-side optical guide layer. At this time, it 
is not desirable to form the ridge waveguide of stripe ■ shape 

25 to such a depth that reaches the p-side cap layer since it 



leads to shorter service life of the device. The structure 
having the protruding portion of stripe shape provided on the 
p-side optical guide layer, further the structure having the 
ridge waveguide is preferable in such a case, too. 
5 According to the present invention, satisfactory control 

of the transverse mode is made possible by setting the stripe 
width of the ridge waveguide, or the stripe width of the 
protruding portion of the p-side optical guide layer in a 
range from 1 to 3 ix m inclusive. Within this range, 

10 oscillation in the single transverse mode can be achieved in 
relatively good condition, and stable control of the beam 
profile with high accuracy (good F.F.P.) can be achieved as 
the ridge waveguide is formed with the p-side optical guide 
layer. When the width is less than 1 ix m, it becomes 

15 difficult to produce the ridge structure of stripe shape or 
the protruding portion, resulting in a decreased yield of 
production. When the width is larger than 3 /zm, it becomes 
difficult to control the horizontal transverse mode. 

The nitride semiconductor used to make the nitride 

20 semiconductor laser device of the present invention may be 
In^AlyGa^.yN (0 £ x £ 1, 0 ^ y ^ 1, 0^x + y^ 1), in 
the form of ternary mixed crystal, quarternary mixed crystal 
or the like as well as gallium nitride. According to the 
present invention, it is preferable to make the laser device 

25 formed on the substrate from the nitride semiconductor of the 
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composition described above, since it achieves the best 
control of the transverse mode and beam profile of the laser 
beam. 

Horizontal direction (x direction) in F.F.P. refers to a 
5 direction (direction of arrow d in the drawing) parallel to 
the junction plane (or pn junction plane) shown in Fig. 11, 
and the transverse mode in this direction is called the 
horizontal transverse mode. 

Fig. 11 is a schematic diagram for explaining the 

10 optical characteristic of the laser device of the present 
invention, particularly the spot shape at the light emerging 
plane and the far field image (F.F.P.) (A). In the prior art, 
the spot shape (a) at the light emerging plane spreads in the 
direction parallel to the junction plane, with a narrow angle 

15 in x direction in F.F.P. within lot and poor aspect ratio. 
In the present invention, on the contrary, although the 
longitudinal direction of the spot profile lies in the 
horizontal direction similarly to the prior art as shown in 
the drawing, spread in the longitudinal direction is narrower 

20 and the angle in x direction in F.F.P. (A) increases to 12°C 
or up to 20^, with satisfactory aspect ratio of around 2.0. 
The reason for the optical characteristics being improved 
without affecting the output characteristic and reliability 
of the device is that the laser device has the stripe-shaped 

25 waveguide region that has good effective refractive index 
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embodiment shown in Fig. 17, except that the thickness of the 
p-side optical guide layer is larger than the thickness of 
the n-side optical guide layer. 

The nitride semiconductor laser device of the present 
invention is made by sandwiching the active layer with the p- 
side optical guide layer and the n-side optical guide layer 
thereby to form the waveguide, while the thickness of the p- 
side optical guide layer is made larger than the thickness of 
the n-side optical guide layer, so that good laser beam can 
be achieved. This is for the purpose of extracting good 
laser beam by differentiating the thickness between the p- 
side optical guide layer and the n-side optical guide layer 
that sandwich the active layer, thereby shifting the light 
distribution from the gain distribution in the direction of 
thickness and changing the transverse mode control from that 
of the prior art. The effect of light confinement is also 
enhanced thereby suppressing the occurrence of ripple. - 
(Stripe-shaped waveguide region) 

The nitride semiconductor laser device of the present 
invention has the structure of refractive index guiding type, 
where control of the transverse mode is enhanced by providing 
the stripe-shaped waveguide region in addition to such a 
structural feature that the thickness of the optical guide 
layers is asymmetrical with respect to the active layer 
interposed therebetween. That is, the n-side optical guide 



that is formed by means of the p-side optical guide layer 
which has the protruding portion of stripe shape, as 
described above. Moreover, as the thickness of the p-side 
optical guide layer, or the total thickness of the p-side 
5 optical guide layer and the n-side optical guide layer, is 
increased compared to the prior art, as described above, 
spread of the beam in direction a (y direction) perpendicular 
to the junction plane in the drawing is suppressed due to the 
decreasing effect of diffraction, which also contributes to 

10 the improvement of the optical characteristic, particularly 
the aspect ratio, of the laser device of the present 
invention. That is, laser beam that is nearer to true circle 
than the far field pattern of the prior art that is 
compressed in the vertical direction is obtained, because the 

15 spread of light in y direction in F.F.P. is suppressed as 
well as the control of the horizontal transverse mode 
described above. 
Embodiment 3 

One embodiment of the present invention will now be 
20 described below by way of a specific example. The nitride 
semiconductor laser device of the present invention has such 
a structure as the n-side optical guide layer made of n-type 
nitride semiconductor, the active layer and the p-side 
optical guide layer made of p-type nitride semiconductor are 
25 stacked on the substrate, similarly to that of the second 



layer made of n-type nitride semiconductor, the active layer 
and the p-side optical guide layer made of p-type nitride 
semiconductor are stacked on the substrate, wherein the p- 
side optical guide layer has a protruding portion of stripe 
shape and the stripe-shaped waveguide region is procvided. 
The laser device of the present invention has the p-type 
nitride semiconductor layer formed on the protruding portion, 
and is specifically a refractive index guiding type laser 
device having the stripe-shaped waveguide region. 

(Depth of etching) 

The laser device of the present invention is made by 
stacking the n-side optical guide layer made of the n-type 
nitride semiconductor, the active layer, the p-side optical 
guide layer made of the p-type nitride semiconductor and the 
p-type nitride semiconductor layer, while a part of the p- 
type nitride semiconductor layer and a part of the p-side 
optical guide layer are removed by etching from the p-type 
nitride semiconductor layer side, thereby forming the stripe 
structure. Since the height of the protruding portion of the 
p-side optical guide layer is determined by the depth of 
etching, controllability of the depth of etching is improved 
over the prior art as will be described later. It is 
important to carry out etching to such a depth that does not 
reach the active layer, and etching in the present invention 
is carried out to the position of the p-side optical guide 
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layer. 

According to the present invention, although the shape 
of the protruding portion of the p-side optical guide layer 
or the shape of the stripe-shaped ridge waveguide are not 
5 limited to mesa or inverted mesa configuration, mesa 
configuration is preferable because of the tendency thereof 
to allow control of good transverse mode. 
(Etching means) 

For etching the nitride semiconductor such as the 
10 formation of p-side optical guide layer or the ridge 
waveguide, such processes as wet etching and dry etching may 
be employed. For dry etching, for example, there are 
reactive ion etching (RIE) , reactive ion beam etching, (RIBE) , 
electron cyclotron etching (ECR) , ion beam etching and other 
15 processes, and nitride semiconductor can be etched by any of 
these processes by selecting a proper etching gas. 
(Optical guide layer) 

The waveguide is formed by such a structure as the 
active layer is sandwiched with the n-side optical guide 
20 layer and the p-side optical guide layer. The laser device 
of the present invention has the stripe-shaped waveguide 
region formed by providing the p-side optical guide layer 
with the protruding portion of stripe shape, 
(p-side optical guide layer) 
25 According to the present invention, the n-side optical 

43 



guide layer and the p-side optical guide layer that sandwich 
the active layer have different thicknesses, with the p-side 
optical guide layer being made thicker. More preferably, the 
p-side optical guide layer has the protruding portion of 
5 stripe shape, and the p-type nitride semiconductor is formed 
on the protruding portion thereby to form the laser device 
having the stripe-shaped waveguide region. Specifically, the 
laser device has the ridge waveguide formed with the p-side 
optical guide layer. The protruding portion is formed by 

10 etching from the p-type nitride semiconductor layer side as 
described above, while stopping the etching process in the p- 
side optical guide layer. Thickness of the p-side optical 
guide layer here refers to the thickness of growing the p- 
side optical guide layer. In case the protruding portion is 

15 formed by the etching process described above after forming 
the p-side optical guide layer, the protruding portion is 
formed by removing a part of the p-side optical guide layer 
of the predetermined thickness, and consequently the 
thickness of the p-side optical guide layer becomes equal to 

20 the thickness of the protruding portion. At this time, in 
case the thickness of the p-side optical guide layer is 

greater than 1 tim, the value of threshold greatly increases 
to make laser oscillation very difficult and, even when the 
laser can oscillate, the laser device has extremely short 
25 service life. Therefore the thickness of the p-side optical 



guide layer is made not larger than 1 ax m. More preferably, 
the thickness of the p-side optical guide layer, namely the 
thickness of the protruding portion, is in a range from 1500 
A to 5000 A inclusive. This is because, when the thickness 
is less than 1500 A, good F.F.P. of laser light cannot be 
achieved and, when the thickness is larger than 5000 A, 
threshold current of oscillation tends to increase. 
Specifically, when the thickness is less than 1500 A, 
horizontal transverse mode cannot be controlled sufficiently, 
while F.F.P. becomes a beam profile of 10°C or larger in x 
direction, resulting in an aspect ratio that is higher than 
2.0. In case thickness of the p-side optical guide layer is 
2500 A or larger in the present invention, there is stronger 
tendency of suppressing the increase of the threshold current 
compared to the case where both guide layers that sandwich 
the active layer have the same thickness, and the structure 
having the thick p-side optical guide layer and asymmetrical 
waveguide configuration as in the present invention is 
advantageous . 

When forming the ridge waveguide and the protruding 
portion by etching, productivity must be taken into 
consideration. As the depth of etching increases, 

variability in accuracy among the devices provided on the 
wafer increases which must be avoided. Specifically, when 
the protruding portion of stripe shape (ridge structure) is 



formed by etching to a depth greater than 0.7 p. m, the 
problem described above suddenly becomes predominant, and 
therefore the etching is preferably restricted to a smaller 
depth. For this purpose, the ridge height is controlled in 
5 the present invention, and the laser device is preferably 
formed within the range described above. Height of the 
protruding portion refers to the height of the protruding 
portion from the plane of the p-side optical guide layer in a 
region other than the protruding portion, namely the plane 

10 being exposed by etching and continuing to the side face of 
the protruding portion. The ridge height refers to the 
height of the p-type nitride semiconductor layer formed on 
the protruding portion from the plane while the top surface 
of the p-type nitride semiconductor layer is the starting 

15 position of etching. 

(Height of protruding portion) 

It is preferable to increase the height of the 
protruding portion in the p-side optical guide layer, since 
it causes the threshold current of oscillation to decrease. 

20 That is; increasing the depth of etching improves the 
stability of the output, thereby making a great contribution 
to the application of the laser device. Specifically, even 
when the output increases, such effects are obtained as 
achieving stable oscillation in the single mode, while 

25 suppressing the deterioration of the device because of the 

46 



favorable threshold current of oscillation and achieving 
continuous oscillation with a longer service life. In the p- 
side optical guide layer described above, by setting the 
height of the protruding portion not less than 100 A, the 
laser device having satisfactory beam profile is obtained* 
The height is preferably 500 A or larger, which makes it 
possible to oscillate in the single mode even with a high 
output. Thus reliability required for the applications of 
the laser device is sufficiently ensured. 

In addition, when forming the layers by etching, it is 
desirable to give consideration to the flatness of the plane 
exposed and formed by etching. This is because, when forming 
the protruding portion of stripe shape by etching, there 
occurs some variation in the position of the surface of the 
p-side optical guide layer that is exposed by etching in the 
direction of thickness, that causes the variability among the 
devices. Thus the p-side optical guide layer is etched to 
such a depth that leaves a region of thickness of 500 A or 
more, preferably in a range from 500 A to 1000 A to remain, 
during formation of the protruding portion of the p-side 
optical guide layer. When a region of thickness of 500 A or 
more is left to remain, etching hardly reaches deeper than 
the p-side optical guide layer, leading to the formation of 
the protruding portion with high accuracy. When a region of 
thickness of 1000 A or more is left to remain, the threshold 



current of oscillation increases as described above, and the 
controllability of the transverse mode tends to deteriorate. 

According to the present invention, there is no 
limitation to the composition of the p-side optical guide 
layer, that is required only to be made of nitride 
semiconductor and have an energy band gap sufficient to form 
the waveguide, and may have either single layer or multiple 
layer structure* For example, undoped GaN is used for 
wavelengths from 370 to 470 nm, and a multiple layer 
structure of InGaN/GaN is used for longer wavelengths. 

For the waveguide formed by sandwiching the active layer 
with the n-side optical guide layer and the p-side optical 
guide layer, total thickness thereof, namely thickness of the 
region interposed between the two guide layers, is preferably 
5000 A or less, and more preferably 4500 A or less. This is 
because, when the total thickness of the waveguide is greater 
than 5000 A, the threshold current of oscillation increases 
abruptly thereby making it extremely difficult to achieve 
continuous oscillation in the fundamental mode. When the 
total thickness of the waveguide is less than 4500 A, such an 
increase in the threshold current of oscillation is 
suppressed thus making it possible to achieve continuous 
oscillation in the fundamental mode with longer service life. 

According to the present invention, although there is no 
limitation except that the n-side optical guide layer is 
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thinner than the p-side optical guide layer, and what is 
required is only that the waveguide has such a structure as 
the active layer is sandwiched with the two guide layers. 
The n-side optical guide layer is preferably formed by 
5 growing GaN, InGaN, and specifically such a multiple-layer 
structure may be employed as undoped GaN, InGaN wile the 
proportion of In in the mixed crystal decreases toward the 
active layer, and GaN are stacked alternately. InGaN refers 
to a ternary mixed crystal where In is included in GaN, 

10 In the nitride semiconductor laser device of the present 

invention, the p-type nitride semiconductor layer formed on 
the p-side optical guide layer comprises the p-side cladding 
layer, the p-side contact layer and the like stacked one on 
another as shown in the embodiment. Accordingly, in the 

15 present invention, the p-type nitride semiconductor layer 
formed on the protruding portion of the p-side optical guide 
layer is formed in the shape of stripe, thereby forming the 
ridge waveguide. 

According to the present invention, a cap layer may be 

20 formed between the optical guide layer and the active layer. 
For example, a p-side cap layer made of A^Ga^N (0 ^ x ^ 1) 
doped with a p-type impurity is formed between the active 
layer and the p-side optical guide layer. At this time, it 
is not desirable to form the ridge waveguide of stripe shape 

25 to such a depth that reaches the p-side cap layer since it 
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leads to shorter service life of the device* The ridge 
waveguide is preferably formed in such a structure that has 
the protruding portion of stripe shape being provided on the 
p-side optical guide layer. 

According to the present invention, satisfactory control 
of the transverse mode is made possible by setting the stripe 
width of the ridge waveguide, or the stripe width of the 
protruding portion of the p-side optical guide layer, in a 
range from 1 to 3 jll m inclusive. Within this range, 
oscillation in the single transverse mode can be achieved in 
relatively good condition, and stable control of the beam 
profile with high accuracy (good F.F.P.) can be achieved as 
the ridge waveguide is formed with the p-side optical guide 
layer. When the width is less than 1 /z m, it becomes 
difficult to produce the ridge structure of stripe shape or 
the protruding portion, resulting in a decreased yield of 
production. When the width is larger than 3 u m, it becomes 
difficult to control the horizontal transverse mode. 

The nitride semiconductor used to make the nitride 
semiconductor laser device of the present invention may be 
In x Al y Ga 1 . x . y N (0 ^ x ^ 1, 0 ^ y ^ 1, 0 ^ x + y ^ 1), in 
the form of ternary mixed crystal, quarternary mixed crystal 
or the like as well as gallium nitride. According to the 
present invention, it is preferable to make the laser device 
formed on the substrate from the nitride semiconductor of the 
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composition described above, since it achieves the best 
control of the transverse mode and beam profile of the laser 
beam. 

Horizontal direction (x direction) in F.F.P. refers to a 
5 direction parallel to the junction plane (or pn junction 
plane), and x direction (d) of far field image (F.F.P.) (A) 
shown in Fig. 20, while the transverse mode in this direction 
is called the horizontal transverse mode. 

In this embodiment, the optical guide layers that 

10 sandwich the active layer are made in such an asymmetrical 
structure as the p-side optical guide layer is made thicker 
than the n-side optical guide layer, wherein light 
distribution in the waveguide region sandwiched by the two 
optical guide layers is shifted from that of the laser device 

15 of the prior art, namely the light distribution and the gain 
distribution are shifted thereby to control the transverse 
mode by a method different from that of the prior art, 
thereby to obtain the laser beam of the desired beam profile. 
Preferably, the p-side optical guide layer has the 

20 protruding portion of stripe shape, thereby to form the 
stripe-shaped waveguide region and achieve the effective 
refractive index distribution as described above. 
Specifically, laser spot (a) that is the emerging light is 
shifted to the side of the p-side optical guide layer 109 

25 that has the protruding portion of stripe shape, thereby 



achieving satisfactory control of the horizontal transverse 
mode/ as shown in Fig. 20. With this configuration, the 
aspect ratio is greatly improved over that of the prior art 
because of the satisfactory control of the horizontal 
transverse mode in the present invention, compared to the 
laser device of stripe structure of the prior art having 
narrow F.F.P. in the horizontal direction (x direction) and 
aspect ratio of 3 or higher. 

According to the present invention, in case the active 
layer is made of nitride semiconductor that includes In, for 
example ternary mixed crystal of InGaN, consideration must be 
given to the fact that light emitted in the active layer is 
diffused by In included in the active layer. That is, light 
emitted in the active layer is diffused by In which is a 
light diffusing substance included in the active layer, 
resulting in a loss that hinders the improvement of output 
power. In the laser device of the present invention, since 
laser light is obtained through waveguide that is different 
from that of the prior art because of the p-side optical 
guide layer being thicker among the optical guide layers 
sandwiching the active layer as described above, loss by the 
light diffusive substance is decreased so as to compensate 
for the increase in the threshold current due to the 
increased thickness of the optical guide layer. This is 
mainly because the light distribution in the waveguide shifts 
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from the gain distribution in the direction of thickness, so 
that light is distributed and guided in a place offset from 
the region (active layer) including the light diffusive 
substance. As a consequence, it is believed that the loss 
due to the diffusion of light decreases thus making it 
possible to oscillate with threshold current similar to or 
less than that of the prior art. Thus the tendency of the 
threshold current to increase is restricted by increasing the 
thickness of the optical guide layer, particularly the 
thickness of the p-side optical guide layer over the prior 
art, thereby decreasing the loss due to the diffusion of 
light in the present invention, so that the laser device of 
good beam profile can be obtained with a threshold current 
similar to that of the prior art. 

In Fig. 20, the spot (a) in the emerging surface is 
spread in the direction parallel to the junction plane and 
the angle in x direction (d) in F.F.P. is as small as lO'C or 
less with poor aspect ratio. In the present invention, on 
the contrary, although the longitudinal direction of the spot 
profile lies in the horizontal direction similarly to the 
prior art as shown in the drawing, spread in the longitudinal 
direction is narrower and the angle in x direction in F.F.P. 
(A) increases to 12°C or up to 20^, with satisfactory aspect 
ratio of around 2.0. The reason for the optical 

characteristics being improved without affecting the output 
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characteristic and reliability of the device is that the 
laser device has the stripe-shaped waveguide region that has 
good effective refractive index which is formed by means of 
the p-side optical guide layer having the protruding portion 
of stripe shape, as described above. Moreover, as the 
thickness of the p-side optical guide layer, or the total 
thickness of the p-side optical guide layer and the n-side 
optical guide layer is increased compared to the prior art, 
as described above, spread of the beam in a direction (y 
direction) perpendicular to the junction plane in the drawing 
is suppressed due to the decreasing effect of diffraction, 
which also contributes to the improvement of the optical 
characteristic, particularly the aspect ratio, of the laser 
device of the present invention. That is, laser beam that is 
nearer to the true circle than the far field pattern (A) of 
the prior art which is compressed in the vertical direction 
is obtained, because the spread of light in y direction in 
F.F.P. is suppressed as well as the control of the horizontal 
transverse mode described above. As described above, 
contribution to the improvement in the beam profile in y 
direction as well as in x direction in F.F.P. made by making 
the thickness of the p-side optical guide layer greater than 
that of the n-side optical guide layer is important for 
achieving the effects of the present invention. 
Embodiment 4 
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In this embodiment, the p-type cap layer, namely the 
first cladding layer for light confinement is formed on the 
active layer. The p-type first cladding layer is preferably 
made of Al^a^N (0 < d ^ 1) doped with Mg, with the value of 
5 d being set in a range from 0.1 to 0.5 inclusive, and more 
preferably 0.35 or less. Crystal mixing proportion described 
above is used for the first cladding layer of the present 
invention, of which detail will be described later. 

Total thickness of the p-type first cladding layer is 

10 set in a range from 10 to 1000 A inclusive, and preferably in 
a range from 20 to 400 A inclusive. The reason for setting 
the thickness of the p-type first cladding layer in this 
range is as follows. 

Although the carrier confinement function can be 

15 effectively achieved when the p-type first cladding layer is 
made of AlGaN, the AlGaN layer has larger bulk resistance 
than gallium nitride semiconductor that does not include Al . 
Thus it is necessary to suppress the increase in the 
resistance of the light emitting device due to the formation 

20 . of the p-type first cladding layer, which is the reason for 
setting the thickness within 1000 A and preferably within 400 
A. 

Major function of the p-type first cladding layer is to 
confine the carriers as described above. To achieve this 
25 function effectively, thickness of the layer is set to 10 A 



or more, and preferably 20 A or more. 

When the thickness is in the range described above, the 
carriers can be effectively confined within the active layer 
6, and the bulk resistance can be restricted to a low level. 

Concentration of Mg with which the p-type first cladding 
layer is doped is preferably in a range from 1 X 10 19 /cm 3 to 
1 X 10 21 /cm 3 . With the doping concentration being set 
within this range, Mg diffuses into the p-type guide layer 
that is grown in the undope process described later, in 
addition to a decrease in the bulk resistance, and Mg can be 
included with a concentration from 1 X 10 16 /cm 3 to 1 X 10 18 
/cm 3 in the p-type guide layer that is a relatively thin 
layer. 

Although the p-type first cladding layer of this 
embodiment may be formed from two layers of a first p-type 
nitride semiconductor layer made of Al^a^N and a second p- 
type nitride semiconductor layer made of AlbGa^bN formed 
thereon, the present invention is not limited to this 
configuration. The p-type first cladding layer may also be 
formed from more than two layers or, for example, the second 
nitride semiconductor layer may comprise a plurality of 
layers stacked one on another. 

Also there is no limitation to the proportion of Al 
included in the mixed crystal of the layers. In the first p- 
type nitride semiconductor layer made of Al a Ga 1 _ a N, however, 
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decomposition of the active layer can be effectively 
suppressed by setting the proportion a of Al included in the 
mixed crystal to 0 or larger in the first p-type nitride 
semiconductor. In order to achieve this function, it is 
preferable to form the Al^a^N layer with a > 0, that makes 
it possible to form a layer, which is chemically stable and 
has a relatively high melting point among nitride 
semiconductors, at a position near (preferably on) the active 
layer, thereby effectively suppressing the decomposition of 
the active layer. Also according to the present invention, 
good offset from the active layer can be provided (potential 
barrier can be formed) and satisfactory injection of carriers 
without carrier overflow can be achieved by setting the 
proportions a and b of Al included in the mixed crystal 
preferably larger than 0.1, more preferably 0.2 or larger in 
the first p-type nitride semiconductor layer and the second 
p-type nitride semiconductor layer. At this time, it is 
desirable that the first p-type nitride semiconductor and the 
second p-type nitride semiconductor have the same composition, 
namely a = b. Under this condition, since the quantities of 
the source gases and impurity gas supplied to the production 
process can be easily controlled, the first p-type nitride 
semiconductor layer and the second p-type nitride 
semiconductor layer can be formed under stable condition with 
high accuracy. 
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Now the conditions of growing the first p-type nitride 
semiconductor layer and the second p-type nitride 
semiconductor layer will be described below. 

It is preferable to grow the second p-type nitride 
5 semiconductor layer at a temperature higher than that for the 
first p-type nitride semiconductor layer. 

The first p-type nitride semiconductor layer is 
preferably grown at 800 °C or higher temperature, more 
preferably around 850 to 950T), similar to the temperature at 
10 which the active layer is grown. 

Growing temperature of the second p-type nitride 

semiconductor layer is set preferably about lOO^C higher than 
the growing temperature of the active layer, for example, 
which makes it possible to form the AlGaN layer of good 

15 crystallinity . 

It is preferable to grow the first p-type nitride 
semiconductor layer and the second p-type nitride 
semiconductor layer in different atmospheres. That is, the 
first p-type nitride semiconductor layer is preferably grown 

20 in substantially the same atmosphere as that for the active 
layer, which makes it possible to prevent the active layer 
from being decomposed. The second p-type nitride 

semiconductor layer is grown in such an atmosphere that is 
favorable for forming a good offset. When the growing 

25 conditions are set as described above, the first p-type 
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nitride semiconductor layer can have the function to prevent 
the active layer from being decomposed, and the second p-type 
nitride semiconductor layer can achieve good offset, due to 
the difference in the conditions of growing the crystals in 
the two layers. Specifically, the layers having the 
functions described above can be formed by growing the first 
p-type nitride semiconductor layer in N 2 atmosphere and the 
second p-type nitride semiconductor layer in H 2 atmosphere, 
resulting in the device having good light emitting 
characteristic. 

In case the p-type first cladding layer is formed from 
at least two layers, it is preferable that thickness of the 
first p-type nitride semiconductor layer is set in a range 
from 10 to 100 A, and thickness of the second p-type nitride 
semiconductor layer is set in a range from 10 to 300 A, for 
the purpose of restricting the increase in Vf (forward 
voltage) of the light emitting element due to the formation 
of the p-type first cladding layer. In order to restrict the 
increase in Vf further, it is more preferable that thickness 
of the first p-type nitride semiconductor layer is set in a 
range from 10 to 30 A, and thickness of the second p-type 
nitride semiconductor layer is set in a range from 10 to 100 
A 

Then the p-type guide layer is grown on the p-type first 
cladding layer. The p-type guide layer is preferably formed 
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by growing a nitride semiconductor layer made of undoped GaN. 
Thickness is preferably in a range from 0*1 to 0.07 11 m. 
When the thickness is in this range, the threshold can be 
decreased. While the p-type guide layer is grown as an 
5 undoped layer as described above, Mg included as the dopant 
in the p-type first cladding layer 7 diffuses so that Mg is 
included with a concentration in a range from 1 X 10 16 /cm 3 
to 1 X 10 18 /cm 3 . 

The p-type second cladding layer is formed on the p-type 
10 guide layer similarly to the embodiment described above, 
thereby achieving light confinement. 

The present invention will now be described more 
specifically by way of examples. 

The present invention will be described more concretely 
15 in the following examples. 
Example 1 

Fig. 2 is a sectional view showing the structure of the 
laser device according to an example of the present invention. 
In this drawing, the device which is cut in the perpendicular 
20 direction to the stripe waveguide is shown. Example 1 will 
be described with reference to Fig. 1. 
(buffer layer 2) 

An auxiliary substrate made of C-face sapphire of one- 
inch <t> was set in the MOVPE reactor and the temperature was 
25 adjusted to 500 °C . A buffer layer made of GaN which had a 



thickness of about 200 angstroms was grown using 

trimethylgallium (TMG) and ammonia (NH 3 ) . 

(nitride semiconductor layer (underlying layer) 4) 

After growing the buffer layer, at 1050°C, using ammonia 
and TMG, a nitride semiconductor layer 4 made of undoped GaN 
was grown to the thickness of 4 ii m. This layer acts as an 
underlying layer for growth of each layer which constitutes a 
device structure, 

(n-side contact layer 5) 

Next, using ammonia and TMG, and silane gas as an 
impurity gas, an n-side contact layer 5 made of GaN doped 
with Si to 3 x 10 18 /cm 3 was grown to the thickness of 4 jll m at 
1050 °C. 

(crack preventing layer 6) 

Next, using TMG, TMI ( trimethylindium) and ammonia, a 
crack preventing layer 6 made of In 0 ^ 06 Ga 0 , 94 N was grown to the 
thickness of 0.15 ii m. This crack preventing layer may be 
omitted. 

(n-side cladding layer 7) 

Subsequently, at 1050 °C , a layer made of undoped 
Al 0 . 16 Ga 0 . 84 N was grown to the thickness of 25 angstroms using 
TMA (trimethylaluminium) , TMG and ammonia. Subsequently, TMA 
was stopped and the silane gas was flown. A layer made of n- 

type GaN doped with Si to 1 x 10 19 /cm 3 was grown to the 
thickness of 25 angstroms. These layers were laminated 
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alternately to form a super lattice layer, resulting in an n- 
side cladding layer 7 in a super lattice structure with a 

total thickness of 1.2 jum. 
(n-side optical waveguide layer 8) 
5 Next, the silane gas was stopped and an n-side optical 

waveguide layer 8 made of undoped GaN was grown to the 

thickness of 0.1 /x m at 1050 *C. The n-side optical waveguide 
layer 8 may be doped with an n-type impurity, 
(active layer 9) 

10 Next, at 800°C, a barrier layer made of In 0 . 05 Ga 0 . 95 N doped 

with Si was grown to the thickness of 100 angstroms. 
Subsequently, at the same temperature, a well layer made of 
undoped In 0 . 2 Ga 0<Q N was grown to the thickness of 40 angstroms. 
Two barrier layers and two well layers were laminated 

15 alternately and at the last, a barrier layer was laminated, 
with the result that the active layer in the multiple quantum 
well structure (MQW) having a total thickness of 380 
angstroms was obtained. The active layer may be undoped like 
in this example and may be doped with an n-type impurity 

20 and/or a p-type impurity. Both of the well layer and the 
barrier layer may be doped with an impurity, or either one 
may be doped. And when only barrier layer is doped with an 
n-type impurity, the threshold tends to decrease, 
(p-side capping layer 10) 

25 Next, the temperature was raised to 1050 °C . A p-side 



capping layer 7 made of Al 0 . 3 Ga 0 . 7 N doped with Mg to 1 x 10 20 /cm 3 
and having a band gap energy larger than that of the p-side 
optical waveguide layer 11 was grown . to the thickness of 300 
angstroms, using TMG, TMA, ammonia and Cp2Mg 
5 (cyclopentadienyl magnesium) . 

(p-side optical waveguide layer 11) 

Next, Cp2Mg and TMA were stopped and 1050 *C , a p-side 
optical waveguide layer 11 made of undoped GaN and having a 
band gap energy lower than that of the p-side capping layer 10 
10 was grown to the thickness of 0.1 iim. 

This p-side optical waveguide layer 8 was undoped, that 
is, intentionally undoped, but due to the diffusion of Mg from 
the adjacent p-side first cladding layer and p-side second 
cladding layer, the real concentration of Mg was 5 x 10 16 /cm 3 , 
15 resulting in the layer doped with Mg. 
(p-side cladding layer 12) 

Subsequently, at 1050 *C , a layer made of undoped 
Al 0<16 Ga 0 . 84 N was grown to the thickness of 25 angstroms. 
Subsequently, Cp2Mg and TMA were stopped and a layer made of 
20 undoped GaN was grown to the thickness of 25 angstroms. Thus, 
a p-side cladding layer 12 in a super lattice structure was 
grown to a total thickness of 0.6 p. m. If the p-side 
cladding layer is a super lattice layer formed by laminating 
nitride semiconductor layers at least one of which contains 
25 Al and which have different band gap energies from each other, 



either one layer may be doped with an impurity in a larger 
amount, what is called modulation doping, with the result 
that the crystallinity tends to increase. But both layers 
may be doped in the same amout. The cladding layer 12 is 
preferably in the super lattice structure including a nitride 
semiconductor layer containing Al, preferably AlxGa^N 
(0<X<1) • More preferably, the cladding layer 12 is in the 
super lattice structure formed by laminating GaN and A1GAN. 
For the p-side cladding layer 12 in the super lattice 
structure, the mixing proportion of Al in the entire cladding 
layer can be increased and then, the refractive index of the 
cladding layer itself decreases. Moreover, the band gap 
energy becomes large, resulting in the decrease of the 
threshold. Further, the number of the pits occurring in the 
cladding layer in the super lattice structure is smaller than 
that not in the super lattice structure, resulting in the 
decrease of the provability of the short circuit, 
(p-side contact layer 13) 

Finally, at 1050^, on the p-side cladding layer 9, a p- 
side contact layer 13 made of p-type GaN doped with Mg to 1 x 
10 20 /cm 3 was grown to the thickness of 150 angstroms. The p- 
side contact layer may be made of p-type InxAlyGa^x^N (O^X, 0 
^Y, X+Y^l) and preferably, the p-side contact layer may be 
made of GaN doped with Mg, thereby most preferable ohmic 
contact with the p-electrode 20 can be obtained. Since the 
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contact layer 13 is a layer where an electrode is formed, it 
is desirable that the carrier concentration is as high as not 
less than 1 x 10 17 /cm 3 . If the carrier concentration is less 
than 1 x 10 17 /cm 3 , it is difficult to obtain a good ohmic 
contact with the electrode. If the composition of the 
contact layer is GaN, it is easy to obtain a good ohmic 
contact with the electrode material. 

The resulting wafer on which the nitride semiconductor 
had been grown was removed out of the reactor. A protective 
film of Si0 2 was formed on the top surface of the p-side 
contact layer which was an uppermost layer and etching was 
conducted with SiC 14 gas by RIE (reactive ion etching) , to 
expose the surface of the n-side contact layer 5 on which an 
n-electrode was to be formed, as shown in Fig. 1. Thus, Si0 2 
is most preferable as a protective film so as to etch the 
nitride semiconductor deeply. 

A method for forming a waveguide region in the stripe 
geometry as described above will be described in details in 
the following part. First, as shown in Fig. 3A, a first 
protective film 61 made of Si oxide (mainly, Si0 2 ) was formed 
to the thickness of 0.5 ii m on the almost entire surface of 
the uppermost p-side contact layer 13 with PVD apparatus. 
Thereafter, a mask of a predetermined shape was placed on the 
first protective film 61 and a third protective film 63 made 
of photo resist having a stripe width of 2 ix m and a 
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thickness of 1 /zm was formed. 

Next, as shown in Fig. 3B, after the third protective 
film 63 was formed, said first protective film was etched by 
CF 4 gas with a RIE (reactive ion etching) apparatus to have a 
stripe structure using the third protective film 63 as a mask. 
Thereafter, only the photo resist was removed by the treatment 
with an etchant to form a first protective film 61 having a 

stripe width of 2 /im on the p-side contact layer 13, as shown 
in Fig.3C. 

Further, as shown in Fig. 3D, after the first protective 
film 61 of a stripe geometry was formed, the p-side contact 
layer 13 and the p-side cladding layer 12 were again etched 
using SiCl 4 gas with the RIE to form a ridge stripe as a 
stripe waveguide region having such a thickness that the 
thickness of the p-side cladding layer was 0.01 /im. 

After formation of the ridge stripe, the wafer was 
transferred into the PVD apparatus, and as shown in Fig. 3E, a 
second protective film 62 made of Zr oxide (mainly Zr0 2 ) 
having thickness of 0.5 jii m a was formed continuously on the 
first protective film 61 and on the p-side cladding layer 12 
which had been exposed by etching. 

After the formation of the protective film 62, the wafer 
was treated at 600 °C . Thus, in the case that the second 
protective film is made of a material other than Si0 2 , the 
heat treatment may be conducted at the temperature of not less 
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than 300 *C, preferably not less than 4 00 °C and not more than 
the decomposition temperature of the nitride semiconductor 
(1200 °C ) , with the result that the second protective film 
becomes difficult to dissolve in the material (hydrofluoric 
acid) for dissolving the first protective film. Therefore, 
the heat treatment step is further desirably added* 

Next, the wafer was soaked in hydrofluoric acid and as 
shown in Fig. 3F, the first protective film 61 was removed 
using a lift-off method. 

Next, as shown in Fig. 3G, a p-electrode 20 made of Ni/Au 
was formed on the surface of the p-side contact layer which 
had been exposed by removing the first protective film 61 on 
said p-side contact layer 13. The p-electrode 20 had a stripe 
width of 100 /zm and was formed in a manner to extend over the 
second protective film 62, as shown in this drawing. After 
the second protective film was formed, an n-electrode 21 made 
of Ti/Al was formed parallel to the stripe on the exposed 
surface of the n-side contact layer 5. 

Next, a mask was placed in the desired region on the 
surface which had been exposed by etching to form an n- 
electrode to provide an output electrode for the p- and n- 
electrodes and a dielectric multi-layered film 64 made of Si0 2 
and Ti0 2 was formed. Thereafter, output (pad) electrode 22 
and 23 made of Ni-Ti-Au (1000 angstroms-1000 angstroms-8000 
angstroms) were formed, respectively, on the p- and n- 
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electrode. 

The sapphire substrate of the resulting wafer on which an 
n-electrode and a p-electrode were formed in the above- 
mentioned manner was polished to the thickness of about 70 /im. 
Thereafter, the wafer was cleaved into bars perpendicularly 
with respect to the stripe electrode from the substrate to 
fabricate a resonator on the cleaved facet ((11-00) face, 
which corresponds to the side face of the crystal in a 
hexagonal system = M face) . A dielectric multi-layered film 
made of Si0 2 and Ti0 2 was formed on the facet of the resonator 
and finally, the bar was cut parallel to the p-electrode, 
resulting in a laser device as shown in Fig. 1. The length of 

the resonator was 800 Aim. 

The resulting laser device was set on the heat sink and 
each pad electrode was connected by wire-bonding. The laser 
oscillation was tried at room temperature. The continuous 
oscillation at a wavelength of 400 nm to 420 nm was observed 
at the threshold current density of 2.9 kA/cm 2 at room 
temperature. Further the current was raised and thereby, the 
light output power was raised. The current-light output power 
characteristics were obtained under the condition that the 
transverse mode was a basic mode (a single mode) . As shown in 
Fig. 5, no kinks occurred even at 5mW and further, no kinks 
occurred even when the light output power was raised to 30mW, 
the transverse mode being stable. And also,- the device 
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lifetime was tested. The continuous oscillation of not less 
than ten thousand hours was observed at 5mW of the output 
power. In some devices, the continuous oscillation of more 
than one thousand hours was also observed even at 30mW of the 
5 light output power. Thus, even when the light output power 
was increased in the single transverse mode (basic mode) , the 
stable transverse mode could be obtained. Therefore, such a 
laser can be applied to the optical disk for recording and 
reproducing. 

10 Example 2 

The laser device was fabricated in the same manner as in 
Example 1, except that the etching depth for the formation of 
the stripe waveguide region was such that the thickness of the 
p-side cladding layer was 0.1 ii m, that is, the flat surface 

15 of the nitride semiconductor which had been exposed by etching 
(the exposed surface of the p-side cladding layer) was at 0.1 
li m from the interface between the p-side cladding layer and 
the p-side optical waveguide layer in the direction toward the 
p-side contact layer. The resulting laser device had a 

20 similar property to that in Example 1 at relatively lower 
light output power, as shown in Fig. 5 which shows the current 
- light output power properties. But kinks were observed near 
20mW. The transverse mode was unstable in the high output 
region as compared with in Example 1. The device lifetime was 

25 more than ten thousand hours at the output of 5mW. 
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Example 3 

The laser device was fabricated in the same manner as in 
Example 1, except that the etching depth for the formation of 
the stripe waveguide region was such that the thickness of the 
5 p-side cladding layer was 0,05 ii m, that is, the flat surface 
of the nitride semiconductor which had been exposed by etching 
(the exposed surface of the p-side cladding layer) was at 0.05 
li m from the interface between the p-side cladding layer and 
the p-side optical waveguide layer in the direction toward the 
10 p-side contact layer. The resulting laser device showed a 
little less stability in the transverse mode, particularly in 
the output power region of not less than 20mW, as compared 
with in Example 1 . The stability in the transverse mode was 
better than in Example 2. The device lifetime was more than 
15 ten thousand hours at 5mW of the output, like in Examples 1 
and 2. Some devices had a lifetime of more than one thousand 
hours at 30mW, but the ratio thereof was small as compared 
with in Example 1. Fig. 6 shows the change of the driving 

current with respect to the operating time at 5mW and at 70 °C. 

20 As shown in Fig. 6, the change of the driving current in 
Example 3 is largely different form that in Comparative 
Example 3 in the transition region of from the initial 
deterioration to the point where the deterioration rate is 
constant. The driving current value at which the 

25 deterioration rate is constant is lower and the deterioration 



rate (the slop of the linear part in the drawing) is also 
lower than in Comparative Example 3. 
Example 4 

The laser device, as shown in Fig. 1, was fabricated in 
5 the same manner as in Example 1, except that the etching depth 
was such that the thickness of the p-side cladding layer was 

0.1 \i m, that is, the flat surface of the nitride 

semiconductor which had been exposed by etching was at the 

point where the almost entire p-side optical waveguide layer 
10 was removed, that is, at 0.03 ii m from the interface between 

the p-side capping layer and the active layer and the second 

protective film was not formed. 

The resulting laser device had a similar stability of the 

transverse mode during the increase of the optical output 
15 power to that in Example 3. There were no kinks occurring in 

the relatively wide region. The device lifetime was more than 

ten thousand hours at 5mW of output power. 
Example 5 

The laser device was fabricated in the same manner as in 
20 Example 4, except that the etching depth was such that the 
thickness of the p-side cladding layer was 0.05 jum 

The resulting laser device had a similar stability of the 
transverse mode to that in Example 4 . The laser device had a 
long lifetime. 
25 Example 6 



The laser device was fabricated in the same manner as in 
Example 1, except that the ridge width was 1.2 Aim. 

The resulting laser had almost similar properties to 
those in Example 1. There were no kinks occurring in the wide 
region of a few mW to a few tens mW and the device lifetime 
was long. 

Comparative Example 1 
The laser device was fabricated in the same manner as in 
Example 4, except that the etching depth was such that the 
thickness of the p-side cladding layer was 0.2 /zm 

For the resulting laser device, the transverse mode was 
unstable. The devices were of uneven stability. Small number 
of devices had no kinks at the output power up to 5mW. The 
device lifetime was good to some extent, but the lifetime was 
not long as compared with in Example 2. 
Comparative Example 2 
The laser device was fabricated in the same manner as in 
Example 1, except that the etching depth was such that the 
etching reached the active layer, that is, that the etching 
reached the part in the active layer at a slight distance from 
the interface between the active layer and the p-side capping 
layer. 

The resulting devices ware of uneven lifetime. But the 
lifetime of most devices was decreased largely as compared 
with in each example. Most devices had a lifetime of about 100 
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hours at 5mW operation. 
Comparative Example 3 
As shown in Fig. 4, The laser device was fabricated in 
the same manner as in Example 1, except that the etching 
reached the n-side contact layer 7. 

The resulting laser device had a short lifetime like in 
Comparative Example 2. The results were shown in Fig. 6. Fig. 
6 showed that at 70 °C and at the output power of 5mW, the 
driving current increased largely before the deterioration 
rate was stabilized and the deterioration rate was high, 
showing that the lifetime properties were not good. The 
transverse mode was unstable and the devices were of uneven 
properties. Such a trend became remarkable as the optical 
output power increased. 
Comparative Example 4 
The laser device was fabricated in the same manner as in 
Example 1, except that the ridge width was 3.5 /zitu 

For the resulting laser device, the transverse mode was 
unstable and the devices were of uneven stability in the 
transverse mode. Kinks occurred in the range of 3 to lOmW in 
the almost all devices. 
Example 7 

Fig. 17 is a sectional view showing the structure of the 
laser device according to an example of the present invention. 
In this drawing, the layered structure which is cut in the 



perpendicular direction to the projected stripe region is 
shown. Example 7 will be described with reference to Fig. 17. 

A sapphire substrate having its principal surface 
represented by a C-face was used as a substrate. The 
5 orientation flat face was represented by an A-face. The 
substrate on which the nitride semiconductor is to be grown 
may be an auxiliary substrate made of the material other than 
nitride semiconductor, such as SiC, ZnO, spinel (MgAl 2 0 4 ) , 
GaAs and the like, as well as sapphire (its principal surface 

10 represented by C-face, R-face and A-face) , which are known to 
be used for growing the nitride semiconductor. The nitride 
semiconductor may be grown directly on the substrate made of 
nitride semiconductor such as GaN. 
(buffer layer 102) 

15 An auxiliary substrate 101 made of C-face sapphire of 

one-inch <t> was set in the MOVPE reactor and the temperature 
was adjusted to 500 . A buffer layer made of GaN which had 
a thickness of about 200 angstroms was grown using 
trimethylgallium (TMG) and ammonia (NH 3 ) . 

20 (underlying layer 103) 

After growing the buffer layer, at 1050^, using ammonia 
and TMG, an underlying layer 103 made of undoped GaN was grown 
to the thickness of 4|zm. This layer acts as a substrate for 
growth of each layer which constitutes a device structure. 

25 Thus, in the case that the device structure made of nitride 



semiconductor is formed on the auxiliary substrate, the 
underlying layer is preferably formed which acts a low- 
temperature grown buffer layer and a substrate for nitride 
semiconductor . 
5 (n-side contact layer 104) 

Next, using ammonia and TMG, and silane gas as an 
impurity gas, an n-side contact layer 104 made of GaN doped 
with Si to 3 x 10 18 /cm 3 was grown to the thickness of 4 ii m on 
the nitride semiconductor substrate 101 at 1050 °C. 
10 (crack preventing layer 105) 

Next, using TMG, TMI ( trimethylindium) and ammonia, at 
800 °C , a crack preventing layer 105 made of In O 06 Ga 0>94 N was 
grown to the thickness of 0.15 ii m. This crack preventing 
layer may be omitted. 
15 (n-side cladding layer 106) 

Subsequently, at 1050 °C , a layer made of undoped 
Al 0 . 16 Ga 0 . 84 N was grown to the thickness of 25 angstroms using 
TMA (trimethylaluminium) , TMG and ammonia. Subsequently, TMA 
was stopped and the silane gas was flown. A layer made of n- 
2 0 type GaN doped with Si to 1 x 10 19 /cm 3 was grown to the 
thickness of 25 angstroms. These layers were laminated 
alternately to form a super lattice layer, resulting in an n- 
side cladding layer 106 in a super lattice structure with a 

total thickness of 1.2 /zm. 
25 (n-side optical waveguide layer 107) 



Next, the silane gas was stopped and an n-side optical 
waveguide layer 107 made of undoped GaN was grown to the 

thickness of 0.2 ix m at 1050 °C . The n-side optical waveguide 
layer 107 may be doped with an n-type impurity* 
(active layer 108) 

Next, at 800°C, a barrier layer made of In 0 . 05 Ga 0 . 95 N doped 
with Si was grown to the thickness of 100 angstroms. 
Subsequently, at the same temperature, a well layer made of 
undoped In 0>2 Ga 0 . 9 N was grown to the thickness of 40 angstroms. 
Two barrier layers and two well layers were laminated 
alternately and at the last, a barrier layer was laminated, 
with the result that the active layer in the multiple quantum 
well structure (MQW) having a total thickness of 380 
angstroms was obtained. The active layer may be undoped like 
in this example and may be doped with an n-type impurity 
and/or a p-type impurity. Both of the well layer and the 
barrier layer may be doped with an impurity, or either one 
may be doped. And when only barrier layer is doped with an 
n-type impurity, the threshold tends to decrease. . 
(p-side capping layer 109) 

Next, the temperature was raised to 1050 °Q . A p-side 
capping layer 109 made of Al 0 . 3 Ga 0 . 7 N doped with Mg to 1 x 
10 20 /cm 3 and having a band gap energy larger than that of the 
p-side optical waveguide layer 11 was grown to the thickness 
of 300 angstroms, using TMG, TMA, ammonia and Cp2Mg 
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(cyclopentadienylmagnesium) . 
(p-side optical waveguide layer 110) 

Subsequently, Cp2Mg and TMA were stopped and at 1050 t , 
a p-side optical waveguide layer 110 made of undoped GaN and 
having a band gap energy lower than that of the p-side capping 
layer 10 was grown to the thickness of 0.2 /im. 

This p-side optical waveguide layer 110 is undoped, that 
is, intentionally undoped, but due to the diffusion of Mg from 
the adjacent p-side first cladding layer and p-side second 
cladding layer, the real concentration of Mg is 5 x 10 16 /cm 3 , 
resulting in the layer doped with Mg, 
(p-side cladding layer 111) 

Subsequently, at 1050 , a layer made of undoped 
Al 0>16 Ga 0 . 84 N was grown to the thickness of 25 angstroms. 
Subsequently, Cp2Mg and TMA were stopped and a layer made of 
undoped GaN was grown to the thickness of 25 angstroms. Thus, 
a p-side cladding layer 111 in a super lattice structure was 
grown to a total thickness of 0.6 /x m. If the p-side 
cladding layer is a super lattice layer formed by laminating 
nitride semiconductor layers at least one of which contains 
Al and which have different band gap energies from each other, 
either one layer may be doped with an impurity in a larger 
amount, what is called modulation doping, with the result 
that the crystallinity tends to increase. But both layers 
may be doped in the same amount. The cladding layer 111 is 



preferably in the super lattice structure including a nitride 
semiconductor layer containing Al, preferably AlxGa^N 
(0<X<1) . More preferably, the cladding layer 12 is in the 
super lattice structure formed by laminating GaN and A1GAN. 
5 For the p-side cladding layer 11 in the super lattice 
structure, the mixing proportion of Al in the entire cladding 
layer can be increased and then, the refractive index of the 
cladding layer itself decreases. Moreover, the band gap 
energy becomes large, resulting in the decrease of the 

10 threshold. Further, the pits occurring in the cladding layer 
in the super lattice structure decreases, as compared with 
not in the super lattice structure, resulting in the decrease 
of the provability of the short circuit, 
(p-side contact layer 112) 

15 Finally, at 1050^, on the p-side cladding layer 111, a 

p-side contact layer 112 made of p-type GaN doped with Mg to 

1 x 10 20 /cm 3 was grown to the thickness of 150 angstroms. The 
p-side contact layer may be made of p-type I^Al^a^-Y^ (O^X, 
O^Y, X+Y^l) and preferably, the p-side contact layer may be 

20 made of GaN doped with Mg, thereby most preferable ohmic 
contact with the p-electrode 20 can be obtained. Since the 
contact layer 112 is a layer where an electrode is formed, it 
is desirable that the carrier concentration is as high as not 
less than 1 x 10 17 /cm 3 . If the carrier concentration is less 

25 than 1 x 10 17 /cm 3 , it is difficult to obtain a good ohmic 



contact with the electrode. If the composition of the 
contact layer is GaN, it is easy to obtain a good ohmic 
contact with the electrode material. 

The resulting wafer on which the nitride semiconductor 
had been grown was removed out of the reactor. A protective 
film of Si0 2 was formed on the top surface of the p-side 
contact layer which was an uppermost layer and etching was 
conducted with SiC 14 gas using RIE (reactive ion etching) , to 
expose the surface of the n-side contact layer 104 on which an 
n-electrode was to be formed, as shown in Fig. 17. Thus, Si0 2 
is most preferable as a protective film so as to etch the 
nitride semiconductor deeply. 

A method for forming a waveguide region in the stripe 
geometry will be described in details in the following part. 
First, as shown in Fig. 19A, a first protective film 161 made 
of Si oxide (mainly, Si0 2 ) was formed to the thickness of 0.5 

li m on the almost entire surface of the uppermost p-side 
contact layer 112 with PVD apparatus. Thereafter, a mask of a 
predetermined shape was placed on the first protective film 
16.1 and a third protective film 163 made of photo resist 

having a stripe width of 2 ix m and a thickness of 1 jll m was 
formed. The insulting properties of the first protective film 
are of no importance. The first protective film 161 may be 
made of any material which has a different etching rate from 
that of the nitride semiconductor. For example, the first 



protective film may be made of Si oxide (including Si0 2 ) , 
photo resist and the like. Preferably, the material which has 
an acid solubility larger than that of the second protective 
film to be formed later may be selected, so as to provide the 
solubility difference between the first and second protective 
films. The acid may be preferably hydrofluoric acid and 
therefore, Si oxide may preferably be used as a material that 
is easy to dissolve in hydrofluoric acid. 

Next, as shown in Fig. 19B, after the third protective 
film 163 was formed, said first protective film was etched by 
CF 4 gas with a RIE (reactive ion etching) apparatus to have a 
stripe structure using the third protective film 163 as a mask. 
Thereafter, only the photo resist was removed by the treatment 
with an etchant to form a first protective film 161 having a 

stripe width of 2 ix m on the p-side contact layer 112, as 
shown in Fig.l9C. 

Further, as shown in Fig. 19D, after the first protective 
film 161 of a stripe geometry was formed, the p-side contact 
layer 112, the p-side cladding layer 111 and the p-side 
optical waveguide layer 110 were again etched using SiCl 4 gas 
with the RIE to form a ridge stripe as a stripe waveguide 
region having such a thickness that the thickness of the 
etched region (the region except the projected portion) of the 
p-side optical waveguide layer was 1000 angstroms. 

After formation of the ridge stripe, the wafer was 
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transferred into the PVD apparatus, and as shown in Fig. 19E, 
a second protective film 162 made of Zr oxide (mainly Zr0 2 ) 
was formed to the thickness of 0.5. urn continuously on the 
first protective film 161 and on the p-side optical waveguide 
layer 111 which had been exposed by etching (the region except 
the projected portion) . 

It is desirable that the second protective film may be 
made of the material other than Si0 2/ preferably at least one 
selected from oxide containing at least one element selected 
from the group consisting of Ti, V, Zr, Nb, Hf and Ta, SiN, BN, 
SiC and A1N. Most preferably, the second protective film may 
be made of oxide of Zr or Hf, BN, or SiC. Some of these 
materials may dissolve a little in hydrofluoric acid. If 
these materials are used as an insulating layer of the laser 
device, they act as a buried layer in a more reliable manner 
than Si0 2 . When the oxide thin films are formed in gas phase 
like PVD and CVD, it is difficult to obtain oxides in which 
the element and oxygen are reacted in equivalent amounts. In 
such a case, the insulting properties of the oxide thin film 
tend to be insufficient in reliability. The oxides of said 
element selected in the above-mentioned manner by means of PVD 
or CVD, BN, SiC, A1N tend to have a better reliability to the 
insulating property than that of Si oxides. Further, it is 
extremely advantageous that an oxide having a refractive index 
smaller than that of the nitride semiconductor (for example, 
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one other than SiC) is selected and used as a buried layer of 
the laser device- Further, when the first protective film 61 
is made of Si oxide, the Si oxide is selectively dissolved in 
hydrofluoric acid. Therefore, when, as shown in Fig. 19E, the 
second protective film is formed continuously on the side 
surface of the stripe waveguide, on the flat surface where the 
stripe is formed (etch stopping layer) , and on the surface of 
the first protective film 161, the second film having an even 
thickness with respect to the flat surface can be formed by 
removing only the first protective film 161 by means of lift- 
off method. 

After the formation of the protective film 162, the wafer 
was treated at 600 °C . Thus, in the case that the second 
protective film is made of a material other than Si0 2 , the 
heat treatment may be conducted at the temperature of not less 
than 300 < t, preferably not less than 400 °C and not more than 
the decomposition temperature of the nitride semiconductor 
(1200 t ) , with the result that the second protective film 
becomes difficult to dissolve in the material (hydrofluoric 
acid) for dissolving the first protective film. Therefore, 
the heat treatment step is further desirably added. 

Next, the wafer was soaked in hydrofluoric acid and as 
shown in Fig. 19F, the first protective film 161 was removed 
using a lift-off method. 

Next, as shown in Fig. 19G, a p-electrode 120 made of 
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Ni/Au was formed on the surface of the p-side contact layer 
which had been exposed by removing the first protective film 
161 on said p-side contact layer 112 . The p-electrode 120 had 
a stripe width of 100 um and was formed in a manner to extend 
over the second protective film 162, as shown in this drawing. 
After the second protective film was formed, an n-electrode 

121 made of Ti/Al was formed parallel to the stripe on the 
exposed surface of the n-side contact layer 5. 

Next, a mask was placed in the desired region on the 
surface which had been exposed by etching to form an n- 
electrode to provide an output electrode for the p- and n- 
electrodes and a dielectric multi-layered film 164 made of 
Si0 2 and Ti0 2 was formed. Thereafter, output (pad) electrode 

122 and 123 made of Ni-Ti-Au (1000 angstroms-1000 angstroms- 
8000 angstroms) were formed, respectively, on the p- and n- 
electrode . 

The sapphire substrate of the resulting wafer on which an 
n-electrode and a p-electrode had been formed in the above- 
mentioned manner was polished to the thickness of about 70 /xm. 
Thereafter, the wafer was cleaved into bars perpendicularly 
with respect to the stripe electrode from the substrate to 
fabricate a resonator on the cleaved facet (11-00 face, which 
corresponds to the side face of the crystal in a hexagonal 
system = M face) . A dielectric multi-layered film made of 
Si0 2 and Ti0 2 was formed on the facet of the resonator and 
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finally, the bar was cut parallel to the p-electrode, 
resulting in a laser device as shown in Fig. 17. The length 
of the resonator was 800 //m. 

The resulting laser device was set on the heat sink and 
each electrode was connected by wire-bonding. The laser 
oscillation was tried at room temperature. The continuous 
oscillation in the single transverse mode at a wavelength of 
400 nm to 420 nm was observed at the threshold current density 
of 2.9 kA/cm 2 at room temperature. Next, F.F.P. of the laser 
emission was measured. The horizontal transverse mode of 15 
to 25 ° was obtained in the horizontal direction. The 
horizontal transverse mode was as good as in Comparative 
Example 5. The aspect ratio was about 1.5. Moreover, the 
light confinement was enhanced due to the optical waveguide 
layer having a large thickness and the occurrence of ripples 
could be prevented drastically as compared with in Comparative 
Example 5. 

Example 8 

The laser device was fabricated in the same manner as in 
Example 7, except that the thickness of the n-side optical 
waveguide layer and the p-side optical waveguide layer was 
2500 angstroms. 

The horizontal transverse mode of the resulting device 
could be controlled to the same extent as in Example 7. F.F.P. 
was 18 ° in the horizontal direction. The occurrence of 
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ripples could be prevented to the same extent as in Example 7. 
But the emission properties were a little worse than those in 
Example 7. And the device lifetime was also shortened. It is 
supposed that this is because the total thickness of the 
waveguide comprising both optical waveguide layers on the 
either side of an active layer exceeds 4500 angstroms by far 
and approaches 6000 angstroms. However, since both optical 
waveguide layers, particularly the p-side optical waveguide 
layer is thickened, the etching is easier to be controlled and 
the yield of manufacturing can be enhanced. And also, 
unevenness in the output properties of the laser devices can 
be decreased and good laser devices can be manufactured. The 
output properties of the resulting laser device became worse, 
but the emission which was a little worse than that in Example 
1 was possible at the driving time. Further, when the 
thickness of both optical wavegude layer is increased to 3000, 
3500 and 4000 angstroms, the oscillation threshold current 
tends to increase. Particularly, when the thickness exceeds 
3500 angstroms, such an ascending tendency is remarkable and 
the device lifetime tends to decrease. Therefore, the 
thickness of the p-side optical waveguide layer is preferably 
not more than 3500 angstroms, more preferably not more than 
2500 angstroms, with the result that a good laser emission can 
be realized and the oscillation properties can be sufficient. 

And the laser device was fabricated in the same manner as 
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in Example 7, except that the thickness of both optical 
waveguide layers was 1500 angstroms. An expanse of beam in x 
direction in F.F.P. was about 13 ° , which was a. little 
narrower than that in Example 7, and the aspect ratio was 1.8, 
5 which was a little worse than that in Example 7. However, the 
threshold current was almost same value and the output 
properties were preferable. And the lifetime was long. And 
the laser device was fabricated in the same manner as in 
Example 7 , except that the etching depth at the time when the 

10 projected portion was formed by etching was such that the 
thickness of the p-side optical waveguide layer was 500 
angstroms. The threshold current of the resulting device 
decreased as compared in Example 7. The output properties of 
the device were good. An expanse of beam of the laser was 

15 14 ° and the value was almost the same. The effective 
refractive index difference could function in a good manner. 
Example 9 

The laser device was fabricated in the same manner as in 
Example 7, except that the etching was conducted in a such a 

20 manner that the height of the projected portion of the p-side 
optical waveguide layer was 500 angstroms, that is, the 
thickness of the p-side optical waveguide layer to be etched 
(the region except the projected portion) was 1500 angstroms. 
For the resulting laser device, the threshold current 

25 increased and the output properties were worse as compared 

86 



with in Example 7 . But the increase of the threshold current 
was a little and the laser device could be used in practice. 
On the contrary, since the region except the projected portion 
had a large thickness, the yield of the manufacturing 
5 increased and the unevenness in the output properties among 
devices decreased. 
Example 10 

The laser device was fabricated in the same manner as in 
Example 7, except that the stripe width of the p-side optical 

10 waveguide layer was 3 fi m. For the resulting laser device, 
the control of the horizontal transverse mode was worse than 
in Example 1. The aspect ratio in F.F.P. was about 2 and 
worse than that in Example 7. The stability of oscillation in 
the single transverse mode was worse and the ratio of 

15 defective devices in which kinks occurred was increased as 
compared with in Example 7. Thus, the stripe width is more 
preferably in the range of 2 /im ± 0.5/zm (between 1.5/zm and 
2.5/zm), with the result that the unevenness in the control of 
the transverse mode among devices can be decreased, the aspect 

20 ratio of the laser emission is good and the oscillation in a 
single mode can be realized. 
Example 11 

The laser device having a longer wavelength than that in 
Example 11, in the concrete, not less than 470 nm will be 
25 described in the following part, as an embodiment of the 



present invention. On an auxiliary substrate 1 made of C-face 
sapphire, a buffer layer 2 made of GaN was grown the thickness 
of 200 angstroms and an underlying layer 103 made of undoped 
GaN was grown to the thickness of 4 ix m in the same manner as 
5 in Example 7. And then an n-side contact layer 104 made of 
GaN doped with Si to 3 x 10 18 /cm 3 was grown to the thickness of 
4.5 jll m and the middle layer made of Si doped In 0 . 3 Ga 0<7 N was 
grown instead of the crack preventing layer 105. This middle 
layer may be omitted. 

10 (n-side cladding layer 106) 

Subsequently, at 1050 t , a layer made of undoped 
Al 0 . 15 Ga 0!85 N was grown to the thickness of 25 angstroms using 
TMA ( trimethylaluminium) , TMG and ammonia. Subsequently, TMA 
was stopped and the silane gas was flown. A layer made of n- 

15 type GaN doped with Si to 1 x 10 19 /cm 3 was grown to the 
thickness of 25 angstroms. These layers were laminated 
alternately to form a super lattice layer, resulting in an n- 
side cladding layer 106 in a super lattice structure with a 
total thickness of 0.2 to 1 . 5 \x m, preferably 0.7/im. It is 

20 desirable that the n-side cladding layer is in the super 
lattice structure including the nitride semiconductor 
containing Al, preferably AlxGa^N (0<X<1), more preferably 
formed by laminating GaN and AlGaN. In the super lattice 
structure, either one layer is doped with an impurity in a 

25 larger amount, that is, modulation doping is conducted, with 



the result that the crystallinity tends to increase. But 
both layers may be doped in the similar amount, 
(n-side optical waveguide layer 107) 

Next, the silane gas was stopped and TMI is flown. An 
5 undoped In 0>1 Ga 0 . 9 N layer was grown to to the thickness of 10 

angstroms at 850 *C to 950 °C , preferably at 880 . 

Subsequently, TMI was stopped and an undoped GaN layer was 

grown to the thickness of 10 angstroms. These layers were 

laminated alternately, resulting in the n-side optical 
10 waveguide layer 107 in a super lattice structure having a 

total thickness of 50 to 2500 angstroms, preferably 500 to 800 

angstroms, more preferably 750 angstroms. 

(active layer 108) 

Next, TMI was flown and at 750 to 800 , preferably 
15 820 °C, an well layer made of undoped In 0>3 Ga 0 . 7 N was grown to 

the thickness of 30 angstroms and the capping layer made of 

undoped In 0#3 Ga 0>7 N was grown to the thickness of 10 angstroms. 

And then, a barrier layer made of undoped In 0<1 Ga 0 . 9 N was grown 

to the thickness of 60 angstroms at 850 to 950 X^ f preferably 
20 at 880 °C . These three layers were referred to as one set. 

The active layer 108 was formed by laminating 6 sets of 

layers . 

(p-side capping layer 109) 

Next, TMI was stopped and TMA was flown. At 850 to 
25 950°C, preferably at 880°C, a capping layer 109 made of p- 



type Al 0 . 3 Gao. 7 N doped with Mg to 1 x 10 20 /cm 3 was grown to the 
thickness of not less than 10 angstroms and not more than 0.1 
/im , preferably 100 angstroms, 
(p-side optical waveguide layer 110) 

Next, TMA was stopped and TMI was flown. At 850 to 
950 , preferably at 880 °C , an undoped In 01 Ga 0 . 9 N layer was 
grown to the thickness of 10 angstroms. Subsequently, TMI 
was stopped and a layer made of GaN doped with Mg to 1 x 
10 18 /cm 3 to 3 x 10 18 /cm 3 was grown to the thickness of 10 
angstroms. These layers were laminated alternately to form an 
super lattice layer, resulting in a p-side optical waveguide 
layer 110 in a super lattice structure having a total 
thickness of 50 to 2500 angstroms, preferably 500 to 800 
angstroms, more preferably 750 angstroms, 
(p-side cladding layer 111) 

Subsequently, TMA was flown and at 850 to 1050 °C , a 
layer made of undoped Al 0>16 Ga 0 . 84 N was grown to the thickness 
of 25 angstroms. Subsequently, TMA was stopped and a layer 
made of GaN doped with Mg to 3 x 10 18 /cm 3 to 5 x 10 18 /cm 3 was 
grown to the thickness of 25 angstroms. Thus, these layers 
were laminated alternately to form a p-side cladding layer 
111 in a super lattice structure having a total thickness of 
0.6 to 1.5 iim, preferably 0.7/zm. 
(p-side contact layer 112) 

Finally, at 850 to 1050 °C, on the p-side cladding layer 
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Ill, a p-side contact layer 112 made of p-type GaN doped with 
Mg to 1 x 10 20 /cm 3 was grown to the thickness of 150 angstroms. 
The p-side contact layer may be made of p-type I^Al^a^^N 
(O^X, O^Y, X+Y^l) and preferably, the p-side contact layer 
may be made of GaN doped with Mg or InGaN, thereby most 
preferable ohmic contact with the p-electrode 20 can be 
obtained. Since the contact layer 112 is a layer where an 
electrode is formed, it is desirable that the carrier 
concentration is as high as not less than 1 x 10 18 /cm 3 . If 
the carrier concentration is less than 1 x 10 1B /cm 3 , it is 
difficult to obtain a good ohmic contact with the electrode. 
If the composition of the contact layer is GaN or InGaN, or 
the contact layer is a super lattice layer containing GaN or 
InGanN, it is easy to obtain a good ohmic contact with the 
electrode material. 

After each above-mentioned layer was laminated, the 
etching was conducted in the same manner as in Example 7 to 
expose the surface of the n-side contact layer 104. Further, 
the stripe ridge waveguide was formed. And an n-electrode 121, 
p-electrode 120, dielectric multi-layered film 164, output 
electrodes 122 and 123 were formed to fabricate the laser 
device. For the resulting laser device, the continuous 
oscillation at a wavelength of 470 nm was observed at the 
threshold current density of 2.0 kA/cm 2 and the threshold 
voltage of 4.0 V. The lifetime was not less than 1000 hours. 
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An expansion in the horizontal direction (x direction) of the 
beam was as large as about 17 ° and the aspect ratio was as 
good as about 1.5. Even the laser device having a long 
wavelength could emit a good laser light and have an low 
oscillation threshold current and a long lifetime. 
Example 12 

Each layer of the laser device structure was laminated in 
the same manner as in Example 11, except that the thickness of 
the p-side optical waveguide layer was 1000 angstroms. 
Subsequently, the ridge waveguide was formed by etching in the 
same manner as in Example 7 to obtain a laser device. The 
etching depth was such that the etched region of the p-type 
optical waveguide layer (region except the projected portion) 
had a thickness of 500 angstrom. The ridge stripe was formed 
by providing a projected portion on the p-side optical 
waveguide layer. 

For the resulting laser device, the continuous 
oscillation at a wavelength of 470 run was observed at the 
threshold current density of 2.0 kA/cm 2 and the threshold 
voltage of 4.0 V. The lifetime was not less than 1000 hours. 
An expansion in the horizontal direction (x direction) of the 
beam was as large as about 17 ° and the aspect ratio was as 
good as about 1.5. Even the laser device having a long 
wavelength could emit a good laser light and have an low 
oscillation threshold current and a long lifetime. 
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Comparative Example 5 
The laser device was fabricated in the same manner as in 
Example 7, except that the thickness of the p-side optical 
waveguide layer and the n-side optical waveguide layer was 
5 1000 angstroms. The resulting laser device had an oscillation 
threshold current similar to that in Example 7. But an 
expanse in the x direction in F.F.P. was as narrow as about 
8° and the aspect ratio was about 3. 
Comparative Example 6 
10 The laser device was fabricated in the same manner as in 

Example 7, except that after each layer was laminated, the 
stripe ridge waveguide was formed by etching down to the point 
where the thickness of the p-side cladding layer was 0.1 jll m 
and providing the stripe projected portion on the p-side 
15 cladding layer. The resulting laser device showed worse 
output properties and a much shorter lifetime as compared with 
in Example 7 . 

Fig. 12 shows the change in device properties with 
respect to the etching depth or the height of the stripe 
20 projected portion of the p-side optical waveguide layer, based 
on the laser device of Example 13. In this case, the p-side 
optical waveguide layer has a larger thickness between both 
optical waveguide layers on the either side of the active 
layer. 

25 Fig. 12 shows the change in the threshold current and in 



the aspect ratio with the respect to the etching depth, on the 
basis of the structure in which a p-side capping layer, p-side 
waveguide layer and p-side optical waveguide layer are 
laminated. As shown in Fig. 12, when the ridge structure is 
formed by etching down to the point in the p-side optical 
waveguide layer, that is, when there is provided a stripe 
projected portion in the p-side optical waveguide layer, the 
oscillation can be realized at a good threshold current and 
the aspect ratio of the laser beam tends to approach 1. This 
is because, as shown in Fig. 20, the emitted light moves to 
the side of the stripe projected portion of the p-side optical 
waveguide layer and thereby, a good effective refractive index 
can be realized. Therefore, the confinement in the horizontal 
transverse mode can function effectively. As a result, the 
laser device in which the beam shape in the x direction in 
F.F.P. is not less than 10° , preferably 12 to 20° and the 
aspect ratio is good can be obtained. As the thickness of the 
region except the projected portion of the p-side optical 
waveguide layer decreases, that is, as the height of the 
projected portion increases, the threshold current and the 
aspect ratio tend to decrease. Therefore, the height of the 
projected portion is preferably controlled to be within the 
above-mentioned range. 
Example 13 

Fig. 18 is a sectional view showing the structure of the 
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laser device according to an example of the present invention. 
In this drawing, the layered structure which is cut in the 
perpendicular direction to the projected stripe region is 
shown. Example 13 will be described with reference to Fig. 
18. 

A sapphire substrate having its principal surface 
represented by a ( 0001 )C-f ace was used as a substrate. The 
orientation flat face was represented by an A-face. The 
substrate on which the nitride semiconductor is to be grown 
may be an auxiliary substrate made of the material other than 
nitride semiconductor, such as SiC, ZnO, spinel (MgAl 2 0 4 ) , 
GaAs and the like, as well as sapphire (its principal surface 
represented by C-face, R-face and A-face), which are known to 
be used for growing the nitride semiconductor. The nitride 
semiconductor may grown directly on the substrate made of 
nitride semiconductor, 
(buffer layer 102) 

An auxiliary substrate 1 made of C-face sapphire of one- 
inch 4> was set in the MOVPE reactor and the temperature was 
adjusted to 500 X*, . A buffer layer made of GaN which had a 
thickness of about 200 angstroms was grown using 
trimethylgallium (TMG) and ammonia (NH 3 ) . 
(underlying layer 103) 

After growing the buffer layer, at 1050°C, using TMG and 
ammonia, an underlying layer 103 made of undoped GaN was grown 
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to the thickness of 4/im. This layer acts as a substrate for 
growth of each layer that constitutes a device structure. 
Thus, in the case that the device structure made of nitride 
semiconductor is formed on the auxiliary substrate, the 
5 underlying layer is preferably formed which acts a low- 
temperature grown buffer layer and a substrate for nitride 
semiconductor . 
(n-side contact layer 104) 

Next, using ammonia and TMG, and silane gas as an 

10 impurity gas, an n-side contact layer 104 made of GaN doped 
with Si to 3 x 10 18 /cm 3 was grown to the . thickness of 4 ix m on 
the nitride semiconductor substrate 101 at 1050 °C. 
(crack preventing layer 105) 

Next, using TMG, TMI ( trimethylindium) and ammonia, at 

15 800 °C , a crack preventing layer 105 made of In 0>06 Ga 0 . 94 N was 
grown to the thickness of 0.15 /i m. This crack preventing 
layer may be omitted, 
(n-side cladding layer 106) 

Subsequently, at 1050 *C , a layer made of undoped 
20 Al 016 Ga 0<84 N was grown to the thickness of 25 angstroms using 
TMA (trimethylaluminium) , TMG and ammonia. Subsequently, TMA 
was stopped and the silane gas was flown. A layer made of n- 
type GaN doped with Si to 1 x 10 19 /cm 3 was grown to the 
thickness of 25 angstroms. These layers were laminated 
25 alternately to form a super lattice layer, resulting in an n- 



side cladding layer 106 in a super lattice structure with a 

total thickness of 1.2 jum. 

(n-side optical waveguide layer 107) 

Next, the silane gas was stopped and an n-side optical 
waveguide layer 107 made of undoped GaN was grown to the 
thickness of 1000 angstroms at 1050 . The n-side optical 
waveguide layer 107 may be doped with an n-type impurity, 
(active layer 108) 

Next, at SOO'C, a barrier layer made of In 0 , 05 Ga 0 . 95 N doped 
with Si was grown to the thickness of 100 angstroms. 
Subsequently, at the same temperature, a well layer made of 
undoped In 0 . 2 Ga 0<8 N was grown to the thickness of 40 angstroms. 
Two barrier layers and two well layers were laminated 
alternately and at the last, a barrier layer was laminated, 
with the result that the active layer in the multiple quantum 
well structure (MQW) having a total thickness of 380 
angstroms was obtained. The active layer may be undoped like 
in this example and may be doped with an n-type impurity 
and/or a p-type impurity. Both of the well layer and the 
barrier layer may be doped with an impurity, or either one 
may be doped. And when only barrier layer is doped with an 
n-type impurity, the threshold tends to decrease, 
(p-side capping layer 109) 

Next, the temperature was raised to 1050 °C . A p-side 
capping layer 109 made of Al 0>3 Ga 0 . 7 N doped with Mg to 1 x 
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10 20 /cm 3 and having a band gap energy larger than that of the 
p-side optical waveguide layer 111 was grown to the thickness 
of 300 angstroms, using TMG, TMA, ammonia and Cp2Mg 
(cyclopentadienyl magnesium) . 
5 (p-side optical waveguide layer 110) 

Subsequently, Cp2Mg and TMA were stopped and at 1050 , 
a p-side optical waveguide layer 110 made of undoped GaN and 
having a band gap energy lower than that of the p-side capping 
layer 10 was grown to the thickness of 2500 angstroms. 

10 (p-side cladding layer 111) 

Subsequently, at 1050 *C , a layer made of undoped 
Al 0 , 16 Ga 0!84 N was grown to the thickness of 25 angstroms. 
Subsequently, Cp2Mg and TMA were stopped and a layer made of 
undoped GaN was grown to the thickness of 25 angstroms. Thus, 

15 a p-side cladding layer 111 in a super lattice structure was 
grown to a total thickness of 0.6 ii m. If the p-side 
cladding layer is a super lattice layer formed by laminating 
nitride semiconductor layers at least one of which contains 
Al and which have different band gap energies from each other, 

20 either one layer may be doped with an impurity in a larger 
amount, what is called modulation doping, with the result 
that the crystallinity tends to increase. But both layers 
may be doped in the same amount. The cladding layer 111 is 
preferably in the super lattice structure including a nitride 

25 semiconductor layer containing Al, preferably AlxGa^N 
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(0<X<1) . More preferably, the cladding layer 111 is in the 
super lattice structure formed by laminating GaN and A1GAN. 
For the p-side cladding layer 11 in the super lattice 
structure, the mixing proportion of Al in the entire cladding 
5 layer can be increased and then, the refractive index of the 
cladding layer itself decreases. Moreover, the band gap 
energy becomes large, resulting in the decrease of the 
threshold. Further, the pits occurring in the cladding layer 
in the super lattice structure decreases, as compared with 

10 not in the super lattice structure, resulting in the decrease 
of the provability of the short circuit, 
(p-side contact layer 112) 

Finally, at 1050°C, on the p-side cladding layer 111, a 
p-side contact layer 112 made of p-type GaN doped with Mg to 

15 1 x 10 20 /cm 3 was grown to the thickness of 150 angstroms. The 
p-side contact layer may be made of p-type InxAlyGa^x^N (O^X, 
O^Y, X+Y^l) and preferably, the p-side contact layer may be 
made of GaN doped with Mg, thereby most preferable ohmic 
contact with the p-electrode 20 can be obtained. Since the 

20 contact layer 112 is a layer where an electrode is formed, it 
is desirable that the carrier concentration is as high as not 
less than 1 x 10 17 /cm 3 . If the carrier concentration is less 
than 1 x 10 17 / cm , it is difficult to obtain a good ohmic 
contact with the electrode. If the composition of the 

25 contact layer is GaN, it is easy to obtain a good ohmic 



contact with the electrode material. 

The resulting wafer on which the nitride semiconductor 
had been grown was removed out of the reactor. A protective 
film of Si0 2 was formed on the top surface of the p-side 
5 contact layer which was an uppermost layer and etching was 
conducted with SiCl 4 gas using RIE (reactive ion etching) , to 
expose the surface of the n-side contact layer 4 on which an 
n-electrode was to be formed, as shown in Fig. 18. Thus, Si0 2 
is most preferable as a protective film so as to etch the 

10 nitride semiconductor deeply. 

A method for forming a ridge waveguide in the stripe 
geometry will be described in details in the following part. 
First, as shown in Fig. 19A, a first protective film 161 made 
of Si oxide (mainly, Si0 2 ) was formed to the thickness of 0.5 

15 At m on the almost entire surface of the uppermost p-side 
contact layer 112 with PVD apparatus. Thereafter, a mask of a 
predetermined shape was placed on the first protective film 
161 and a third protective film 163 made of photo resist 
having a stripe width of 2 jum and a thickness of 1 /i m was 

20 • formed. The insulting properties of the first protective film 
are of no importance. The first protective film 161 may be 
made of any material that has a different etching rate from 
that of the nitride semiconductor. For example, the first 
protective film may be made of Si oxide (including Si0 2 ) , 

25 photo resist and the like. Preferably, the material that has 
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an acid solubility larger than that of the second protective 
film to be formed later may be selected, so as to provide the 
solubility difference between the first and second protective 
films. The acid may be preferably hydrofluoric acid and 
therefore, Si oxide may preferably be used as a material that 
is easy to dissolve in hydrofluoric acid. 

Next, as shown in Fig. 19B, after the third protective 
film 163 was formed, said first protective film was etched by 
CF 4 gas with a RIE (reactive ion etching) apparatus using the 
third protective film 163 as a mask to have a stripe structure. 
Thereafter, only the photo resist was removed by the treatment 
with an etchant to form a first protective film 161 having a 

stripe width of 2 jjl m on the p-side contact layer 112, as 
shown in Fig. 19C. 

Further, as shown in Fig. 19D, after the first protective 
film 161 of a stripe geometry was formed, the p-side contact 
layer 112, the p-side cladding layer 111 and the p-side 
optical waveguide layer 110 were again etched using SiCl 4 gas 
with the RIE to form a ridge stripe as a stripe waveguide 
region having such a thickness that the thickness of the 
etched region (the region except the projected portion) of the 
p-side optical waveguide layer was 1000 angstroms. 

After formation of the ridge stripe, the wafer was 
transferred into the PVD apparatus, and as shown in Fig. 19E, 
a second protective film 162 made of Zr oxide (mainly Zr0 2 ) 



was formed to the thickness of 0*5 ix m continuously on the 
first protective film 161 and on the p-side optical waveguide 
layer 111 which had been exposed by etching (the region except 
the projected portion) . 
5 It is desirable that the second protective film may be 

made of the material other than Si0 2/ preferably at least one 
selected from oxide containing at least one element selected 
from the group consisting of Ti, V, Zr, Nb, Hf and Ta, SiN, BN, 
SiC and A1N. Most preferably, the second protective film may 

10 be made of oxide of Zr or Hf, BN, or SiC, Some of these 
materials may dissolve a little in hydrofluoric acid. If 
these materials are used as an insulating layer of the laser 
device, they act as a buried layer in a more reliable manner 
than Si0 2 . When the oxide thin films are formed in gas phase 

15 like PVD and CVD, it is difficult to obtain oxides in which 
the element and oxygen are reacted in equivalent amounts. In 
such a case, the insulting properties of the oxide thin film 
tend to be insufficient in reliability. The oxides of said 
element selected in the above-mentioned manner by means of PVD 

20 or CVD, BN, SiC, A1N tend to have a better reliability to the 
insulating property than that of Si oxides. Further, it is 
extremely advantageous that an oxide having a refractive index 
smaller than that of the nitride semiconductor (for example, 
one other than SiC) is selected and used as a buried layer of 

25 the laser device. Further, when the first protective film 61 
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is made of Si oxide, the Si oxide is selectively dissolved in 
hydrofluoric acid. Therefore, when, as shown in Fig. 19E, the 
second protective film is formed continuously on the side 
surface of the stripe waveguide, on the flat surface where the 
stripe is formed (etch stopping layer), and on the surface of 
the first protective film 161, the second film having an even 
thickness with respect to the flat surface can be formed by 
removing only the first protective film 161 by means of lift- 
off method. 

After the formation of the protective film 162, the wafer 
was treated at 600 °C . Thus, in the case that the second 
protective film is made of a material other than Si0 2 , the 
heat treatment may be conducted at the temperature of not less 
than 300 °C, preferably not less than 400 and not more than 
the decomposition temperature of the nitride semiconductor 
(1200 °C ) , with the result that the second protective film 
becomes difficult to dissolve in the material (hydrofluoric 
acid) for dissolving the first protective film. Therefore, 
the heat treatment step is further desirably added. 

Next, the wafer was soaked in hydrofluoric acid and as 
shown in Fig. 19F, the first protective film 161 was removed 
using a lift-off method. 

Next, as shown in Fig. 19G, a p-electrode 120 made of 
Ni/Au was formed on the surface of the p-side contact layer 
which had been exposed by removing the first protective film 
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161 on said p-side contact layer 112, The p-electrode 120 had 
a stripe width of 10 0 fiia and was formed in a manner to extend 
over the second protective film 162, as shown in this drawing. 
After the second protective film was formed, an n-electrode 
5 121 made of Ti/Al was formed parallel to the stripe on the 
exposed surface of the n-side contact layer 105. 

Next, a mask was placed in the desired region on the 
surface which had been exposed by etching to form an n- 
electrode to provide an output electrode for the p- and n- 
10 electrodes and a dielectric multi-layered film 164 made of 
Si0 2 and Ti0 2 was formed. Thereafter, output (pad) electrodes 
122 and 123 made of Ni-Ti-Au (1000 angstroms-1000 angstroms- 
8000 angstroms) were formed, respectively, on the p- and n- 
electrode. 

15 The sapphire substrate of the resulting wafer on which an 

n-electrode and a p-electrode had been formed in the above- 
mentioned manner was polished to the thickness of about 70 /im. 
Thereafter, the wafer was cleaved into bars perpendicularly 
with respect to the stripe electrode from the substrate to 

20 fabricate a resonator on the cleaved facet (11-00 face, which 
corresponds to the side face of the crystal in a hexagonal 
system = M face) . A dielectric multi-layered film made of 
Si0 2 and Ti0 2 was formed on the facet of the resonator and 
finally, the bar was cut parallel to the p-electrode, 

25 resulting in a laser device as shown in Fig. 1. The length of 
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the resonator was 800 /zm. 

The resulting laser device was set on the heat sink and 
each electrode was connected by wire-bonding. The laser 
oscillation was tried at room temperature. The continuous 
5 oscillation in the single transverse mode at a wavelength of 
400 nm to 420 nm was observed at the threshold current density 
of 2.9 kA/cm 2 at room temperature. Next, F.F*P. of the laser 
emission was measured. The horizontal transverse mode of 16 

to 20 ° was obtained in the horizontal direction. The 
10 horizontal transverse mode was as good as in Comparative 
Example 5. The aspect ratio was about 2. Moreover, the light 
confinement was enhanced due to the optical waveguide layer 
having a large thickness and the occurrence of ripples could 
be prevented drastically as compared with in Comparative 
15 Example 1. 

Example 14 

The laser device was fabricated in the same manner as in 
Example 13, except that the n-side optical waveguide layer had 
a thickness of 2000 angstroms. For the resulting laser device, 

20 the control in the transverse mode was a little worse than 
that in Example 13. F.F.P. was 14 ° in the x direction. And 
the aspect ratio was 2. However, the device characteristics 
were enhanced extremely as compared in Comparative Example 7 . 
Since the aspect ratio was not more than 2.5, it was easier to 

25 apply the resulting laser device to the optical information 
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equipment. The light confinement was as good as in Example 13. 
The occurrence of ripples could be prevented drastically. As 
concerns the output characteristics, since the waveguide 
region between the p-side optical waveguide layer and an n- 
5 side optical waveguide layer had a thickness of not less than 
5000 angstroms, the threshold current increased as compared 
with in Example 13. The device was worse than that in Example 
13. 

Example 15 

10 The laser device was fabricated in the same manner as in 

Example 13, except that the thickness of the p-side optical 
waveguide layer was 3000 angstroms and the thickness of the 
region except the projected portion was 1000 angstroms, that 
is, the etching was conducted in such a manner that the p-side 

15 optical waveguide layer had a thickness of 1000 angstroms. 
For the resulting laser device, as good a laser emission as in 
Example 13 was obtained. The expansion of the beam in the x 
direction of F.F.P. was 18° . The aspect ratio was 1.4 and 
was enough to put to the practical use. Further, when the 

20 thickness of the p-side optical waveguide layer was 3500 
angstroms and the height of the projected portion of the p- 
side optical waveguide layer was 2500 angstroms (the thickness 
of the region except the projected portion was 1000 angstroms), 
the threshold current increased and the device lifetime tended 

25 to decrease. However, the beam shape of the emitted light was 



as good as that in Example 13. It is supposed that this is 
because the sum of the thickness of both optical waveguide 
layers between which the active layer was sandwiched exceeded 
5000 angstroms. 
Example 16 

The laser device was fabricated in the same manner as in 
Example 13, except that the stripe width of the projected 
portion of the p-side optical waveguide layer, that is, the 
width of the ridge waveguide in the stripe structure was 3 jim. 
For the resulting laser device, the control in the horizontal 
transverse mode was worse than that in Example 13. The aspect 
ration of F.F.P. was 2 and was worse than that in Example 13. 
The stability of the emission in the single transverse mode 
was worse than that in Example 13 and the ratio of the 
defective devices in which kinks occurred tended to increase. 
Therefore, the stripe width is more preferably within the 
range of 2 /zm± 0.5 // m (between 1.5 ix m and 2.5 /z m) , with 
the result that devices are of a little uneven controllability 
in the transverse mode, the aspect ratio of the laser emission 
is good and the laser device can emit in the single mode. 
Example 17 

As an embodiment of the present invention, the laser 
device having a wavelength longer than that in Example 13, 
concretely of not less than 480 nm will be described in the 
following part. A buffer layer 2 having a thickness of 200 
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angstroms, an underlying layer 103 made of undoped GaN which 
had a thickness of 4 iim , an n-side contact layer 104 made of 
GaN doped with Si to 1 x 10 18 /cm 3 which had a thickness of 4.5 
li m and a middle layer 105 made of Si doped In 0>3 Ga 0 . 7 N were 
grown on the auxiliary substrate 101 made of c-face sapphire. 
The middle layer may be omitted, 
(n-side cladding layer 106) 

Next, at 1050*0, a layer made of undoped Al 0>15 Ga 0 . Q5 N was 
grown to the thickness of 25 angstroms using TMG, ammonia and 
TMA (trimethylaluminium) . Subsequently, TMA was stopped and 
the silane gas was flown. A layer made of n-type GaN doped 
with Si to 1 x 10 19 /cm 3 was grown to the thickness of 25 
angstroms. These layers were laminated alternately to form a 
super lattice layer, resulting in an n-side cladding layer 
106 in a super lattice structure with a total thickness of 
1.2 /zm. The n-side cladding layer may be preferably in the 
super lattice structure including a layer made of nitride 
semiconductor containing Al, preferably AlxGa^N (0<X<1) . 
More preferably, the n-side cladding layer may be in the 
super lattice structure formed by laminating GaN and AlGaN. 
In the super lattice structure, either one layer may be doped 
with an impurity in a larger amount, what is called 
modulation doping, with the result that the crystallinity 
tends to increase. Both layers may be doped in the similar 
amount . 
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(n-side optical waveguide layer 107) 

Subsequently, the silane gas was stopped and TMI was 
flown. An undoped In0.iGa0.9N layer was grown to the thickness 
of 10 angstroms at 850 °C to 950 XZ , preferably at 880 X^ . 
Then, TMI was stopped and an undoped GaN layer was grown to 
the thickness of 10 angstroms. These layers were laminated 
alternately to form a super lattice layer. Thus, an n-side 
optical waveguide layer 107 in the super lattice structure 
having a total thickness of 50 to 2500 angstroms, preferably 
500 to 800 angstroms, more preferably 750 angstroms, 
(active layer 108) 

Subsequently, TMI was flown and a well layer made of 
undoped In 0>4 Ga 0 . 6 N was grown to the thickness of 30 angstroms 
at 750 to 850 , preferably at 820 °C . Then, a capping 
layer made of undoped In 0 . 3 Ga 0 . 7 N was grown to the thickness of 
10 angstroms. Thereafter, a barrier layer made of undoped 
In 01 Ga 0 . 9 N was grown to the thickness of 60 angstroms at 850°C 
to 950 X^ , preferably at 880 °C . These three layers were 
referred to as one set. The active layer 108 was formed by 
laminating 6 sets of layers, 
(p-side capping layer 109) 

Next, TMI was stopped and TMA was flown. At 850 to 
950°C, preferably at 880^, a capping layer 109 made of p- 
type Al 0>3 Ga 0 . 7 N doped with Mg to 1 x 10 20 /cm 3 was grown to the 
thickness of not less than 10 angstroms and not more than 0.1 
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/im , preferably 100 angstroms, 
(p-side optical waveguide layer 110) 

Next, TMA was stopped and TMI was flown. At 850 to 
950 V,, preferably at 880 °C, an undoped Ino^Gao.gN layer was 
grown to the thickness of 10 angstroms. Subsequently, TMI 
was stopped and a layer made of GaN doped with Mg to 1 x 
10 18 /cm 3 to 3 x 10 18 /cm 3 was grown to the thickness of 10 
angstroms. These layers were laminated alternately to form an 
super lattice layer, resulting in a p-side optical waveguide 
layer 110 in a super lattice structure having a total 
thickness of 50 to 2500 angstroms, preferably 500 to 800 
angstroms, more preferably 750 angstroms, 
(p-side cladding layer 111) 

Subsequently, TMA was flown and at 850 to 1050 °C , a 
layer made of undoped Al 0 . 15 Ga 0 . 85 N was grown to the thickness 
of 25 angstroms. Subsequently, TMA was stopped and a layer 
made of GaN doped with Mg to 3 x 10 19 /cm 3 to 5 x 10 18 /cm 3 was 
grown to the thickness of 25 angstroms. Thus, these layers 
were laminated alternately to form a p-side cladding layer 
111 in a super lattice structure having a total thickness of 
0.2 to 1.5 /zm, preferably 0.7/zm. 
(p-side contact layer 112) 

Finally, at 850 to 1050 °C, on the p-side cladding layer 
111, a p-side contact layer 112 made of p-type GaN doped with 
Mg to 1 x 10 20 /cm 3 was grown to the thickness of 150 angstroms. 



The p-side contact layer may be made of p-type I^Al^a^^N 
(O^X, O^Y, X+Y^l) and preferably, the p-side contact layer 
may be made of GaN doped with Mg or InGaN, thereby most 
preferable ohmic contact with the p-electrode 20 can be 
obtained. Since the contact layer 112 is a layer where an 
electrode is formed, it is desirable that the carrier 
concentration is as high as not less than 1 x 10 18 /cm 3 . if 
the carrier concentration is less than 1 x 10 18 /cm 3 , it is 
difficult to obtain a good ohmic contact with the electrode. 
If the composition of the contact layer is GaN or InGaN, or 
the contact layer is a super lattice layer containing GaN or 
InGanN, it is easy to obtain a good ohmic contact with the 
electrode material. 

After each above-mentioned layer was laminated, the 
etching was conducted in the same manner as in Example 13 to 
expose the surface of the n-side contact layer 4. Further, 
the stripe ridge waveguide was formed. And an n-electrode 121, 
p-electrode 120, dielectric layered film 164, output 
electrodes 122 and 123 were formed to fabricate the laser 
device. For the resulting laser device, the continuous 
oscillation at a wavelength of 480 nm was observed at the 
threshold current density of 2.0 kA/cm 2 and the threshold 
voltage of 4.0 V. The lifetime was not less than 1000 hours. 
An expansion in the horizontal direction (x direction) of the 
beam was as large as about 17 ° and the aspect ratio was as 



good as about 1.5. Even the laser device having a long 
wavelength could emit a good laser light and have an low 
oscillation threshold current and a long lifetime. 
Example 18 

Each layer of the laser device structure was laminated in 
the same manner as in Example 17, except that the thickness of 
the p-side optical waveguide layer was 2000 angstroms. 
Subsequently, the ridge waveguide was formed by etching in the 
same manner as in Example 13 to obtain a laser device. The 
etching depth was such that the etched region of the p-type 
optical waveguide layer (region except the projected portion) 
had a thickness of 1500 angstrom. The ridge stripe was formed 
by providing a projected portion on the p-side optical 
waveguide layer. 

For the resulting laser device, the continuous 
oscillation at a wavelength of 470 nm was observed at the 
threshold current density of 2.0 kA/cm 2 and the threshold 
voltage of 4.0 V. The lifetime was not less than 1000 hours. 
An expansion in the horizontal direction (x direction) of the 
beam was as large as about 17 ° and the aspect ratio was as 
good as about 1.5. Even the laser device having a long 
wavelength could emit a good laser light and have an low 
oscillation threshold current and a long lifetime. 
Comparative Example 7 
The laser device was fabricated in the same manner as in 



Example 13, except that the thickness of the p-side optical 
waveguide layer and the n-side optical waveguide layer was 
1000 angstroms. The resulting laser device had an oscillation 
threshold current similar to that in Example 7. But an 
expanse in the x direction in F.F.P. was as narrow as about 
8° and the aspect ratio was about 3.2 . 

The modified examples will be described in the following 
part with reference to Fig. 13 to Fig. 16. Parts similar to 
those previously described are denoted by the same reference 
numerals . 

Modified Example 1 
(n-side cladding layer - active layer - p-side second 
cladding layer) 

The layers of an n-side contact layer to a p-side 
contact layer which are listed in Table 1 were laminated 
sequentially on the substrate. The stripe waveguide was 
formed by etching. Further, the n-side contact layer was 
exposed and the p- and n- electrodes were formed on the 
contact layer, so as to fabricate a laser device as shown in 
Fig. 13. In this case, the etching depth for the formation 
of the stripe waveguide was below the point where the 
thickness of the p-side second cladding layer was less than 
0.1 /im (in the direction getting closer to the active layer) 
and above the active layer (the depth not reaching the active 
layer) . 
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For the resulting laser device, the driving current 
tended to increase drastically as compared with a laser 
device comprising an optical waveguide layer and a p-side 
first cladding layer. In some devices, the driving current 
5 was near 100 mA. 



Table 1 





composition and thickness 


n-side contact layer 104 


Si (1 x 10 18 /cm 3 ) doped GaN 
thickness : 4.5/zm 


crack preventing layer 105 


Sx doped In 0 . 06 Ga 0 . 94 N 
thickness : 0.15jum 


n-side cladding layer 106 


an undoped Al 0 . 16 Ga 0 . 84 N layer 
having a thickness of 25 
angstroms and a Si (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 1.2 ^m 


active layer 108 


a barrier layer (B) made of Si- 
doped GaN and a well layer made 
(W) of undoped In 0 . 2 Ga 0 . 8 N having a 
thickness of 4 0 angstroms are 
laminated in the order of (B)- 
(W) - (B) - (W) - (B) - (W) - (B) . The 
uppermost barrier layer and the 
lowermost barrier layer have a 
thickness of 300 angstroms and 
the other barrier layers have a 
thickness of 150 angstroms, 
total thickness : 1020 angstroms 


p-side second cladding 
layer 111 


a Al 0 . 16 Ga 0<Q4 N layer having a 
thickness of 25 angstroms and a 
Mg (1 x 10 19 /cm 3 ) doped GaN layer 
having a thickness of 25 
angstroms are laminated 
alternately 

total thickness : 0.6 /zm 


p-side contact layer 112 


Mg (1 x 10 19 /cm 3 ) doped GaN 
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Modified Example 2 
(n-side cladding layer - active layer - p-side first cladding 
layer - p-side second cladding layer) 

The layers of an n-side contact layer to a p-side 
contact layer which are listed in Table 2 were laminated 
seguentially on the substrate. The stripe waveguide was 
formed by etching. Further, the n-side contact layer was 
exposed and the p- and n- electrodes were formed on the 
contact layer, so as to fabricate a laser device as shown in 
Fig. 14. In this case, the etching depth for the formation 
of the stripe waveguide was below the point where the 
thickness of the p-side second cladding layer was less than 
0.1 urn (in the direction getting closer to the active layer) 
and above the active layer (the depth not reaching the active 
layer) . 

For the resulting laser device, the driving current 
tended to decrease by 10 to 20 mA as compared with in 
Modified Example 1. 
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Table 2 





composition and thickness 


n-side contact layer 104 


Si (1 x 10 18 /cm 3 ) doped GaN 
thickness. : 4.5/zm 


crack preventing layer 105 


Si doped In 0 . 06 Ga 0 . 94 N . 
thickness : 0.15/zm 


n-side cladding layer 106 


an undoped Al 0 . 16 Ga 0 . 84 N layer 
having a thickness of 25 
angstroms and a Si (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 1.2/zm 


active layer 108 


a barrier layer (B) made of Si- 
doped GaN and a well layer made 
(W) of Si (5 x 10 18 /cm 3 ) doped 
In 0 . 2 Ga 0#8 N having a thickness of 
40 angstroms are laminated in 
the order of (B) - (W) - (B) - (W) - 
(B) - (W) - (B) . The uppermost 
barrier layer and the lowermost 
barrier layer have a thickness 
of 300 angstroms and the other 
layers have a thickness of 150 
angstroms . 

total thickness : 1020 anastroms 


p-side first cladding 
layer xui? 


Mg (1 x 10 20 /cm 3 ) doped Al 0 . 3 Ga 0 . 7 N 
thickness : 100 angstroms 


p-side second cladding 
layer 111 


a Al ou6 Ga 0 . 84 N layer having a 
thickness of 25 angstroms and a 
Mg (1 x 10 19 /cm 3 ) doped GaN layer 
having a thickness of 25 
angstroms are laminated 
alternately 

total thickness : 0.6 jim 


p-side contact layer 112 


Mg (1 x 10 19 /cm 3 ) doped GaN 
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Modified Example 3 
(n-side cladding layer - n-side optical waveguide layer - 
active layer - p-side optical waveguide layer - p-side second 
cladding layer) 

The layers of an n-side contact layer to a p-side 
contact layer which are listed in Table 2 were laminated 
sequentially on the substrate. The stripe waveguide was 
formed by etching. Further, the n-side contact layer was 
exposed and the p- and n- electrodes were formed on the 
contact layer, so as to fabricate a laser device as shown in 
Fig. 15. In this case, the etching depth for the formation 
of the stripe waveguide was below the point where the 
thickness of the p-side second cladding layer was less than 
0.1 /zm (in the direction getting closer to the active layer) 
and above the active layer (the depth not reaching the active 
layer) . In this drawing, the stripe ridge waveguide was 
formed in such a manner that the etching depth reached the 
optical waveguide layer 110. 

For the resulting laser device, the driving voltage Vf 
tended to decrease as compared with for the laser device 
comprising a p-side first cladding layer, but the threshold 
current tended to increase 5 to 6 times higher. Therefore, 
most laser devices tended to show no oscillation. 



Table 3 





composition and thickness 


n-side contact layer 104 


Si (1 x 10 18 /cm 3 ) doped GaN 
thickness : 4.5iim 


crack preventing layer 105 


Si doped In 0 . 06 Ga 0 . 94 N - 
thickness : 0.15/xm 


n-side cladding layer 106 


an undoped Al 0 . 16 Ga 0 . 84 N layer 
having a thickness of 25 
angstroms and a Si (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 1.2/zm 


n-side optical waveguide 
layer 107 


undoped GaN 

LIIIUaIIcoo • U • ^ fx III 


active layer 108 


a barrier layer (B) made of Si- 
doped GaN having a thickness of 
100 angstroms and a well layer 
(W) made of Si (5 x 10 18 /cm 3 ) 
doped In 02 Ga 0 . 8 N having a 
thickness of 40 angstroms are 
laminated in the order of (B)- 
(W)-(B)-(W)-(B)-(W)-(B) . 
total thickness : 420 angstroms 


p-side optical waveguide 
layer 110 


Mg (5 x 10 16 /cm 3 ) doped GaN 
thickness : 0.2/xm 


p-side second cladding 
layer 111 


a Al 0 . 15 Ga 0 . 85 N layer having a 
thickness of 25 angstroms and a 
Mg (1 x 10 19 /cm 3 ) doped GaN layer 
having a thickness of 25 
angstroms are laminated 
alternately 

total thickness : 0.7 iim 


p-side contact layer 112 


Mg ( 1 x 10 20 /cm 3 ) doped GaN 



(laser device at a longer wavelength) 

According to the present invention, the following layer 
construction may be preferable for the emission at a 
wavelength of not less than 450 nm, concretely of 450 to 520 
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nm, that is, at a long wavelength of blue to green color. 
However, the present invention is not limited to this 
wavelength range. 

It is preferable to provide a middle layer between the 
5 well layer and the barrier layer in the active layer to 
enhance the oscillation characteristics at a longer 
wavelength. 

For the emission at a shorter wavelength, concretely at 
a wavelength of not more than 450 nm, the active layer is in 

10 the quantum well structure comprising an well layer made of 
InGaN and barrier layers on the either side of said well 
layer, which have a band gap energy larger than that of the 
well layer. Concretely, a well layer made InGaN and a 
barrier layer made of AlGalnN having a mixed crystal ratio or 

15 a composition different from that of the well layer are used. 
As such a structure, a single quantum well structure (SQW) of 
barrier layer/well layer/barrier layer or a multi quantum 
well structure (MQW) formed by laminating a well layer and a 
barrier layer repeatedly have been used. But since the mixed 

20 crystal ratio or the composition is different between the 
well layer and the barrier layer, the temperature suitable to 
grow the layer is different between said layers, with the 
resulted that the growth tends to be difficult. In this case, 
the barrier layer is grown on the well layer at a higher 

25 temperature than that when the well layer is grown. In the 
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case of a well layer containing In, when the temperature is 
raised for growth of the barrier layer, In is decomposed, 
resulting in a broad emission peak. Even when the barrier 
layer is grown at the same temperature as that when the well 
layer is grown, the temperature must be raised to grow the 
other layers (a cladding layer and a waveguide layer) having 
a good crystallinity after the formation of the active layer. 
As the oscillation wavelength becomes long, such a growth 
difficulty tends to be obvious. It is preferable to provide 
a middle layer in the above-mentioned wavelength range. 

Therefore, the above-mentioned middle layer can resolve 
the problem due to the raise of temperature. When the middle 
layer is provided, the above-mentioned decomposition of In 

o 

becomes partial. And the middle layer shows an uneven 
surface. These are the reasons why the driving voltage and 
the threshold voltage decreases drastically. This middle 
layer may be provided between the well layer and the barrier 
layer and may have a band gap energy larger than that of the 
barrier layer. If the active layer is in the MQW structure, 
it is necessary that the middle layer is formed on at least 
one well layer. It is preferable that the middle layers are 
formed on the all well layers, so as to solve the above- 
mentioned problem about the all barrier layers formed on the 
well layers. 

The thickness of the middle layer may be preferably 
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smaller than that of the barrier layer and be within the 
range of one atomic layer to 100 angstroms. When the 
thickness of the middle layer exceeds 100 angstroms, a mini- 
band is formed between the middle layer and the barrier layer 
5 and the oscillation characteristics tend to become worse. In 
this case, the thickness of the barrier layer is within the 
range of 10 angstroms to 400 angstroms. Further, the 
composition of the middle layer may be preferably Al^a^N (0 
^u^l), thereby the above-mentioned partial decomposition of 

10 In and the surface state of the middle layer can induce the 
drastic decrease of the driving voltage and threshold voltage. 
More preferably, the middle layer may be made of AlyGa^N 
(0.3 ^v^l) to decrease the above-mentioned driving voltage 
and threshold voltage more drastically. 

15 Modified Example 4 

The layers of an n-side contact layer to a p-side 
contact layer which are listed in Table 4 were laminated 
sequentially on the substrate. Next, The stripe ridge 
waveguide having a stripe width of 1 . 8 . \x m was formed by 

20 etching from the p-side contact layer side to the depth where 
the thickness of the p-side first cladding layer was 500 
angstroms. The other constructions were the same as in 
Examples. Further, the n-side contact layer was exposed and 
the p- and n-electrodes were formed on the contact layer. 

25 Then, the chip was removed out so as to obtain a laser device. 
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For the resulting laser device, the wavelength was 450 
nm and the continuous oscillation of not less than 1000 hours 
was observed at the threshold current density of 2.0 kA/ cm 2 
at room temperature. Thus, the device lifetime and the 
5 • controllability in the transverse mode were superior to those 
in the laser device in which the etching depth during the 
formation of the stripe waveguide was over the point where 
the thickness of the p-side second cladding layer was 1 /zm. 
And the controllability in the transverse mode and the aspect 
10 ratio in F.F.P. of the resulting laser device were also 
superior to those of the laser device in which the etching 
depth was below the point where the thickness of the p-side 
second cladding layer was 1 jim and did not reach the p-side 
optical waveguide layer. 
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Table 4 





composition and thickness 


n-side contact layer 104 


Si (1 x 10 18 /cm 3 ) doped GaN 
thickness : 4.5/im 


crack preventing layer 105 


Si doped In 0>06 Ga 0 . 94 N 
thickness : 0.15/zm 


n-side cladding layer 106 


an undoped Al 0-16 Ga 0 . fl4 N layer 
having a thickness of 25 
angstroms and a Si (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 1.2//m 


n-side optical waveguide 
layer 107 


undoped GaN 

thickness : 750 angstroms 


active layer^lOS 


a barrier layer (B) made of 
undoped In 0 . 01 Ga 0 . 99 N having a 
thickness of 100 angstroms, a 
middle layer (M) made of 

nnHonpH Al CZz* "NT V» z*\T-i nrr -a 
uiiuupcu -tyjlq 1 3OCLQ % 7J.M licLV J_Xiy d 

thickness of 10 angstroms and a 
well layer (W) made of undoped 
In 0 ^ 3 Ga 0<7 N having a thickness of 
50 angstroms are laminated in 
the order of (B) - (W) - (M) - (B) - 
(W)-(M)-(B)-(W)-(M)-(B) . 
total thickness : 580 angstroms 


p-side first cladding 
layer 109 


Mg (1 x 10 2 7cm 3 ) doped GaN 
thickness : 100 angstroms 


p-side optical waveguide 
layer 110 


Mg (5 x 10 16 /cm 3 ) doped GaN 
thickness : 0 . 1 n m 


p-side second cladding 
layer 111 


an undoped Al 0 . 2 Ga 0>8 N layer 
having a thickness of 25 
angstroms and a Mg (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 0.6 tim 


p-side contact layer 112 


Mg (1 x 10 2 7cm 3 ) doped GaN 
thickness : 150 angstroms 



*1 : The well layer (W) is grown at 820 °C and the middle 



layer (M) and the barrier layer (B) are grown at 880 °C. 
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In the drawing, 108a designates a middle layer, 108b a 
well layer and 108 c a barrier layer. 
Modified Example 5 
The laser device was fabricated in the same manner as in 
5 Modified Example 4, except that the device structure 
laminated on the substrate was in the following one. 

For the resulting laser device, the oscillation 
wavelength was 510 nm. And a good laser device was obtained* 
The device characteristics tended to decrease a little as 
10 compared with in Modified Example 4, since the active layer 
in the MQW structure was change into that in the SQW 
structure. However, since the middle layer of the active 
layer was made of GaN, the effect due to the provided middle 
layer tended to decrease. 
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Table 5 





composition and thickness 


n-side contact layer 104 


Si (1 x 10 i8 /cm 3 ) doped GaN 
thickness : 4.5/xm 


crack preventing layer 105 


Si doped In 0 . 06 Ga 0 . 94 N. 
thickness : 0.15/im 


n-side cladding layer 106 


an undoped Al 0 . 16 Ga 0 . 84 N layer 
having a thickness of 25 
angstroms and a Si (1 x 10 19 /cm 3 ) 
doped GaN layer having a 
thickness of 25 angstroms are 
laminated alternately 
total thickness : 1.2/im 


n-side optical waveguide 
layer 107 


undoped GaN 

thickness : 750 angstroms 


active layer* 2 108 


a barrier layer (B) made of 
In 0 . 28 Ga 0 . 72 N having a thickness 
Ui xou angstroms / a middle 
layer (M) made of undoped GaN 
havincr a thickness of 1 o 
angstroms and a well layer (W) 
made of Si (5 x 10 18 /cm 3 ) doped 
In 0>50 Ga 0 ^ S0 N having a thickness 
of 50 angstroms are laminated 
in the order of (B)-(W)-(M)- 
(B) . 

total thickness : 360 angstroms 


p-side first cladding 
layer 109 


Mg (1 x 10 2 7cm 3 ) doped GaN 
thickness : 100 angstroms 


p-side optical waveguide 
layer 110 


Mg (5 x 10 16 /cm 3 ) doped GaN 
thickness : 0.1 urn 


p-side second cladding 
layer 111 


a Al 02 Ga 0<8 N layer having a 
thickness of 25 angstroms and a 
Mg (1 x 10 19 /cm 3 ) doped GaN layer 
having a thickness of 25 
angstroms are laminated 
alternately 

total thickness : 0.6 /xm 


p-side contact layer 112 


Mg (1 x 10 20 /cm 3 ) doped GaN 
thickness : 150 angstroms 



*2 : The well layer (W) is grown at 820 °C and the middle 



layer (M) and the barrier layer (B) are grown at 880 °C . 
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Industrial applicability 

According to the present invention, the laser device of a 
short wavelength can be realized. The laser devices according 
to the present invention can be applied to write and read 
light sources for DVD, CD and the like and light sources for 
communication such as optical fiber and the industrial 
applicability is very wide* 
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